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(54) Selective thrombin inhibitors 

(57) The present invention relates to a novel selective thrombin inhibitor having the following formula (I), which is 
also effective by oral administration: 
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in which 



R 1 



represents acetyl substituted with aryl or aryloxy, or represents sulfonyl substituted with substi- 
tuted or unsubstituted aryl or N-containing heterocyclic group, 
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represents a group of formula 



M 2 „ — N N-R5 
_< R3 ^ 



R 2 and R 3 independently of one another represent hydrogen; cycloalkyl substituted or unsibstituted with 

carboxyl or alkoxycarbonyl; arylalkyloxy; hydroxy; or lower alkyl substi tuted or unsubstituted with 
carboxyl, alkoxycarbonyl or hydroxy, or 

R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substituted 

with carboxyl or alkoxycarbonyl, 

R 4 represents hydrogen, lower alkyl or lower alkoxy, 

R 5 represents alkanesulfonyl, alkoxycarbonyl; alkylcarbonyl; formyt; Iowa- alkyl; aryl substituted or 

unsubstituted with alkoxy or haloalkyl; or hydroxy-substrtuted lower alkyl, 
and 

R 6 and R 7 independently of one another represent hydrogen, lower alkyl or amino, 

and to a process for preparation thereof and a pharmaceutical composition for thrombin inhibition which comprises the 
compound of formula (I) as an active ingredient. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a novel selective thrombin inhibitor having the following formula (I): 




in which 

R 1 represents acetyl substituted with aryl or aryloxy, or represents surfonyl substituted with substi- 

25 tuted or unsubstituted aryl or N-containing heterocyclic group, 

X represents a group of formula 



30 



-<R3 



or 



/ — \ 



R 4 



N — R 5 



35 R 2 and R 3 independently of one another represent hydrogen; cycloalkyl substituted or unsubstituted with 

carboxyl or alkoxycarbonyl; arylalkyloxy; hydroxy; or lower alkyl substituted or unsubstituted with 
carboxyl, alkoxycarbonyl or hydroxy, or 
R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substituted 

with carboxyl or alkoxycarbonyl, 
40 R 4 represents hydrogen, lower alkyl or lower alkoxy, 

R 5 represents alkanesulfonyl; alkoxycarbonyl; alkylcarbonyl; formyl; lower alkyl; aryl substituted or 

unsubstituted with alkoxy or haloalkyl; or hydroxy-substituted lower alkyl, and 
R 6 and R 7 independently of one another represent hydrogen, lower alkyl or amino. 

45 Some of the compounds of formula (I) can shows an effective thrombin inhibitory activity even through oral admin- 

istration and therefore, is very valuable. 

The present invention also relates to a process for preparing the compound of formula (I) and to a pharmaceutical 
composition for thrombin inhibition which comprises the compound of formula (I) as an active ingredient. 

so 2. Background Art 

It has been generally known that the process for blood coagulation involves numerous complicated enzyme reac- 
tions of which the final step includes a reaction of converting prothrombin into thrombin. Thrombin produced from the 
final step of blood coagulation process activates platelets and converts fibrinogen into fibrin which is then converted into 
55 a higher molecular substance by polymerization and cross-linked by the action of activated blood factor XIII to form 
insoluble blood clotting. Accordingly, thrombin plays an important role in blood coagulation process. Thrombin also acti- 
vates blood factors V and VIII which in turn accelerates the blood coagulation by a feed-back mechanism. 

Thus, since thrombin inhibitors act as effective anti-coagulants and, at the same time, can inhibit the platelet acti- 
vation and the production and stabilization of fibrin, for a long time, many attempts have been made to find out a method 



3 
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for prevention of blood coagulation and for treatment of various thrombosis using a novel compound which can inhibit 
thrombin activity. 

However, the compound capable ol inhibiting only thrombin activity is restricted in use as the effective anti-coagu- 
lant and thrombolytic agent. The reason is that since thrombin is one of serine-proteases and numerous serine-pro- 

5 teases similar to trypsin, typically plasmin, are present in human body, particularly in blood, the effective thrombin 
inhibitor generally also has a high inhibitory activity against such serine-proteases. According to such characteristic fea- 
ture of thrombin, in development of thrombin inhibitors it is very important that the inhibitor compound has a less inhibi- 
tony activity toward a prototype serine protease such as trypsin than thrombin. 

Under such conditions, numerous studies have been conducted to develop a selective thrombin inhibitor which can 

id effectively inhibit thrombin and, at the same time, has a little trypsin inhibitory activity. As a result, Argatroban having 
the following formula (A) as an arylsulfonylargi nine-based compound has been developed (see, U.S. Patent Specifica- 
tions 4258192 and 4201863). 



15 



20 



25 




30 

Argatroban shows a high inhibitory activity for thrombin which is 250 times as high as the activity for trypsin (see, Bio- 
chemistry 1984, 23, p85-90). However, it can be obtained only through a complicated synthetic procedure. It has been 
launched on market in Japan in 1990. 
35 In addition, NAPAP having the following formula (B) as a benzamidine-based arylsulfonyl compound has also been 
developed. 



40 



45 



50 




This compound can be readily synthesized and has an effective thrombin inhibitory activity. However, it has a disadvan- 
tage in that the thrombin inhibitory activity is merely 50 times as high as the activity for trypsin (see, J. Biol. Chem. 1991 . 
55 266, p20085-20093). 

Further, Ro 46-6240 having the following formula (C) has been reported as the compound having an improved 
selectivity for thrombin over trypsin. This compound shows a posstoility of development as an intravenous injectable for- 
mulation due to its short half life in blood, but does not show any possibility for oral administration (see, J. Med. Chem. 
1994,37,3889-3901). 



EP 0 739 886 A2 



5 



10 



15 




.OH 



(C) 



NH2 



20 



In addition, a piperazide-based compound as recently developed has been reported as having somewhat possibil- 
ity for oral administration in rat but having a low selectivity for thrombin (see WO 94/18185). Thus, such compounds did 
not come up to the expectation in this art. 

Therefore, the present inventors have extensively studied to develop a certain compound which can be easily syn- 
25 thesized, shows an effective thrombin inhibitory activity with a high selectivity for thrombin over trypsin and can also be 
administered via oral route. As a result, we have identified that the thrombin inhibitor of formula (!) according to the 
present invention can achieve such purpose and thus completed the present invention. 

Accordingly, it is an object of the present invention to provide a novel thrombin inhibitor of formula (I), as defined 
above, which can be administered via oral route and has a high selectivity for thrombin. 
30 It is another object of the present invention to provide a process for preparing the thrombin inhibitor of formula (I). 

Further, it is still another object of the present invention to provide a pharmaceutical composition for prevention of 
Wood coagulation and treatment of various thrombosis, which comprises the thrombin inhibitor of formula (I) as an 
active ingredient. 

The foregoing has outlined some of the more pertinent objects of the present invention. These objects should be 
35 construed to be merely illustrative of some of the more pertinent features and applications of the invention. Many other 
beneficial results can be obtained by applying the disclosed invention in a different manner or modifying the invention 
within the scope of the disclosure. Accordingly, other objects and a more thorough understanding of the invention may 
be had by referring to the disclosure of invention, in addition to the scope of the invention defined by the claims. 

AO DISCLOSURE OF INVENTION 

In one aspect, the present invention relates to a novel compound represented by the following formula (I): 



45 



50 




97 



(I) 



NH 



55 



its pharmaceutically acceptable salt, hydrate, solvate and isomer, in which 
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r! represents acetyl substituted with aryl or aryloxy, or represents sulfonyl substituted with substi- 

tuted or unsubstituted aryl or N-containing heterocyclic group, 
X represents a group of formula 



— < 



/ — \ 

— N N — R 5 

R3 ° r ^ 
R 4 



R 2 and R 3 independently of one another represent hydrogen; cycloalkyl substituted or unsiiDStituted with 

carboxyl or alkoxycarbonyl; arylalkyloxy; hydroxy; or lower alkyl substi luted or unsubstituted with 
carboxyl, alkoxycarbonyl or hydroxy, or 

R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substituted 

with carboxyl or alkoxycarbonyl, 

R 4 represents hydrogen, lower alkyl or lower alkoxy, 

r5 represents alkanesulfonyl; alkoxycarbonyl; alkylcarbonyl; formyl; lower alkyl; ^ substituted or 

unsubstituted with alkoxy or haloalkyl; or hydroxy-substituted lower alkyl, and 
R 6 and R 7 independently of one another represent hydrogen, lower alkyl or amino. 

In the definition for each substituent of the compound of formula (I) according to the present invention, the term 
"lower alkyl** denotes a saturated, straight or branched hydrocarbon radical having 1 to 4 carbon atoms such as methyl, 
ethyl, isopropyl. isobutyl, t-butyi, etc.; the term "aralkyfoxy" denotes an alkoxy group substituted with aromatic ring such 
as benzyloxy, etc.. and the term "cydoalkyl" denotes a cyclic alkyl group having 3 to 8 carbon atoms such as 
cydopentyl. 

Among the compound of formula (I) above, the preferred one is the compounds in which 

r1 represents acetyl substituted with naphthyl or naphthyloxy, or represents sulfonyl sifcstituted with naph- 

thyl or phenyl which can be substituted or unsubstituted with one to four substituents selected from the 
group consisting of lower alkyl, lower alkoxy and dialkytamino, 

X represents a group of formula 



^R3 



/ \ 

— N N-R5 
or \ / 

R 4 



R 2 and R 3 independently of one another represent C3.6 cycloalkyl substituted or unsubstituted with carboxyl or 
methoxycarbonyl; benzyloxy; lower alkyl substituted or unsubstituted with carboxyl, methoxycarbonyl or 
hydroxy; or hydroxy, or 

R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substituted with car- 
boxyl or methoxycarbonyl, 
R 4 represents hydrogen. 

r5 represents methanesulfonyl, ethoxycarbonyl, formyl, ethyl, phenyl, methyl carbonyl, hydroxyethyl, or phe- 

nyl which can be substituted or unsubstituted with trif luoromethyl or ethoxy, 

and 

R 6 and R 7 independently of one another represent hydrogen, methyl or amino. 

Typical example of the compound of formula (I) according to the present invention includes the following : 

• (S)-N-cyclopemyl-N-methyl-3-(4-amid 

• (S)-N-butyl-N-methyl-3-(4-am^ 
(S)-N^ydopentyl-N-propyl-3-(4-ar^ 

• (S)-N^ydopert^-N-(2-benzyloxyethyl)-3^4-am^ 
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• . (S)-N-oydopemyl-N-butyl-3-(4-amidrazonophen^ 

(S)-N-cydopentyl-N-ethyl-3-(4-amidrazon^ 
(S)-N<ydopentyl-N-rrethyl-3-[4-(methyte^ 

(S)-N-cydopentyl-N-methyl-3-[4-(1 ,1 -dimethylamidino)phenyl] -2-(2-naphthylsulfonylamino)propionamide, 

(S)-N-cydopentyl-N-methyl-3-(4-amidrazonopte 

onamide, 

(S)-N<ydopenty!-N-hydroxy-3-(4-amidrazonop 
(S)-N-cydopentyl-N-(2-hydroxyethyI)-3-(4-amidrazono 
(S)-N<ydopentyl-N-methyl-3-[4-(methylamidino^ 
pionamide, 

(S)-N,N<limethyl-3-(4-amidr^^ 
(S)-N,N-dimethyl-3-[4-(i-methylanrtdin^^ 
(S)-N-cydohexyl-N-methyl-3-(4-amidrazonophenyl)-2-^ 
(S)-N-cydopropyl-N-metlTyl-3-(4-amidrazonopheny 

(S)-3-t4-(amidra2ono) -phenyl]- N-cyclopentyl-N-methy I -2-(2 -naphthalen-1 -yl-acetylamino)-propionamide, 

(S)-3-[4-(amidrazono)-phenyQ-N-<^clopentyl-N-^ 

onamide, 

(S)-3^4-(amidrazono)iDhenyq-N-cyclopentyl-^^ 

(S)-2-[4-(amidrazono)i>henyq-N-cyclopentyl-N-met^ 

mide. 

(S)-3-[4-(methylam*dino)-phenyl]-N-cydopentyl-N-methyl-2-(5 -dimethylamino-naphthalene-1-sulfonylamino)-pro- 
pionamide, 

(S)-3-[4-(amidrazono)-phenyfl-N-cyclopentyl-NHTO 

(S)-3-[4-(amidra2ono) -phenyl]- N-cydopentyl-N-methyl-2-[2-(naphthalene-1-yl-oxy)acetylamino]-propionamide, 
(S)-3-l4-(amidrazono)-phenyl]-N-cyclopentyl-N-m^ 

{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-s^ acid methyl ester. 

{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propionyI]-methylamino}-acetic acid, 
(S)-2-{[3-(4-amidrazorTo-phenyl)-(S)-2-(naphthalene^^^ acid 
methyl ester, 

(S)-2-{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-su^ acid, 
(R)-24[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sufo^ acid 
methyl ester, 

(R)-2-{[3-(4-amidrazono-phenyl)-(S)-2-(naph^ 
(R)-2-{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-su^ 
acid methyl ester, 

(R)-2-{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-suHonylamino)-propionyl]-methylamino}-3-methyl butyric 
acid, 

3-{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propionyl]-methylamino}-propionic acid methyl 
ester, 

3- {[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propionyl]-methylamino}-propionic acid, 

• 4-{[3-(4-amidrazonoiDhenyl)-(S)-2-(naphthalene-2-su^ add methyl 
ester, 

4- {[3-(4-amidrazonoi>henyl)-(S)-2-(naphthalene-2-sulfonylamino)i3ropionyl]-methyiamino}-butyric acid, 
{[3-(4-amidrazono-phenyl)-(S)-2-(naphthaiene-2-sulfonylamino)-propionyl]-cydopropylamino}-acetic add methyl 
ester, 

{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propionyl]-cydopropylamino}-aceticacid, 
{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propionyl]-butylamino}^acetic acid methyl ester, 
{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propionyl]-butylamino}-acetic acid, 
{[3-(4-amidrazono-phenyl)-(S)-2-(nap^ acid methyl 

ester, 

{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sufo^ 

H[3-(4-amidrazono-phenyl)-(S)-2-(naphthalen carboxy- 
lie acid methyl ester, 

WP-(4-amidrazono-phenyl)-(S)-2-(naphthalene carboxy- 
iicacid, 

2-{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino) : propionyl]-methylamino}-cyclopentane carboxy- 
lic acid ethyl ester, 

2-{[3-(4-amidrazono-phenyl)-(S)-2-(naphthalene-2-sulfonylamino)iDropionyl]-methyiamino}-cyclopentane carboxy- 
lie acid, 
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(S)-2-{[3-(4-amidrazono-phenyl)-(S)-2-(naph^ 
acid methyl ester, 

• i-[3-(4-amidrazono-phenyl)-(S)-2-(naph^ acid 
methyl ester, 

1-[3-(4-arnidrazonoi3henyl)-(S)-2-(napn^ 

(S)-naphthalene-2 -sulfonic acid [1 -(4-amidrazono)benzyl-2-(4-memylsulfonyl-pipera2inyl)-2-oxoethyl]amide, 
(S)-riaphthalene-2-sulfonic acid [1 -(4-amidrazono)benzyl-2-oxc>-2-(4-ethoxyc»rbonyl-pipera2inyl)-ethyI]amide, 
(S)-naphthalene-2 -sulfonic acid [1 -(4-amidra2ono)benzyl-2-(4-formyl-piperazinyl)-2-oxoethy0amide, 
(S)-naphthalene-2 -sulfonic acid [1 -(4-amidra2ono)benzyl-2-(4-ethyl-pipera2inyl)-2-oxoethyI]amide, 
(S)-naphthalene-2 -sulfonic acid [1 -(4-amidra2ono)benzyl-2-oxo-2-(4-phenyl-piperazinyl)-ethy0amide, 
(S)-naphthalene-2-sulfonic acid [i-(4-amidrazono)benzyl-2-oxo-2-I4-(3-trifluoromethylphenyl)-pipera2inyl)- 
ethyl] amide, 

(S)-naphthalene-2-sulfonic acid [2-<4-acetyl-piperazinyt)-1 -(4-amidrazono)benzyl-2-oxoethyQamide, 

• (S)-naphthalene-2-sulfonic acid [1 -(4-amidrazono)benzyl-2-oxo-2-[4-(2-hydroxyethyl)-piperazinyl]-ethyr]amide, and 
(S)-naplWialene-2 -sulfonic acid [1 -(4-amidrazono)benzyl-2-oxo-2-[4-(2-ethoxypheny!)-piperazinyl]-ethyr]amide. 

The compound of formula (!) according to the present invention can also form a pharmaceirtically acceptable salt. 
Suitable pharmaceutical^ acceptable salts for the compound (I) can include an acid addition salt formed with acids 
which can form a non-toxic acid addition salt containing pharmaceutical! y acceptable anion, for example, inorganic 
acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, hydrobromic acid, hydroiodic acid, etc., 
organic carbonic acids such as tartaric acid, formic acid, citric acid, acetic acid, trichloroacetic acid, gluconic acid, ben : 
zoic acid, lactic acid, fumaric acid, maleic acid, etc., sulfonic acids such as methanesurfonic acid, benzenesulfonic acid, 
p-toiuenesulfonic acid, naphthalenesulfonic acid, etc., and the like acids. 

In addition, since the compound of formula (I) according to the present invention can include an asymmetric carbon 
atom in its structure, it can be present in the form of racemate, diastereomeric mixture and individual diastereomer. All 
of such isomers are included within the scope of the present invention. 

In another aspect, the present invention also relates to a process for preparing the compound of formula (!) as 
defined above. 

According to the present invention, the compound of formula (I) can be prepared by reacting a compound of for- 
mula (II) with a compound of formula (III) as depicted in the following reaction scheme 1 . 

Reaction Scheme 1 : 




m (0 



In the above reaction scheme, X, R 1 , R 6 and R 7 are defined as previously described. 

As depicted in the above reaction scheme 1 , the compound of formula (I) according to the present invention can be 
prepared by reacting the methylmercapto compound of formula (II) with the amine derivative of formula (III) as a neu- 
cleophilic substance. This reaction can be preferably carried out in the presence of a solvent. Although any organic sol- 
vent which does not adversely affect the reaction can be used in this reaction, in general, alcohol solvent such as 
methanol, ethanol, propanol, etc., is preferably used for this purpose. 

In the above reaction, the reaction conditions including the amount of the reactants, reaction temperature, reaction 
time, etc. can be determined depending on the kind of particular reactant as used by a skilled person having an ordinary 
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knowledge in this art Generally, although the reaction temperature can be varied within a substantial range, it is partic- 
ularly preferable to carry out the reaction at 0°C to 50°C. In addition, the reaction generally takes 0.5 to 5 hours and can 
be preferably carried out for 1 to 2 hours. 

After this reaction is completed, the reaction product can be separated and purified according to conventional work- 
5 ing-up procedures, for example, chromatography, recrystallization, etc. 

The methylmercapto compound of formula (II) used as the intermediate for preparing the compound of formula (I) 
in the reaction scheme 1 can be prepared according to the reaction scheme 2 or 3 as depicted below. 
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In the above reaction schemes, 

55 X. R 1 . R 6 and R 7 are defined as previously described, and 

P represents an amino-protecting group. 

Hereinafter, the reaction schemes 2 and 3 are specifically explained. 
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In the reaction scheme 2. first the C-terminal of the compound [1] is coupled with the amine group £ to .prepare the 

the C-terminal is coupled with the amine group X to prepare the compound 14], 

SoJcmcaUy according to the reaction scheme 2. the compound of formula [1] is coupled with the amrne compound 
eonSS* to £S2£S X to obtain the compound of formula [2] from which the 

20 pylca.bodiimide(EDC), bis-(2-oxo-3-oxa 2 olidinyl)phosph.n,c acd chlor.de(BOP-CI) and dipnenyip osp 

■Hi 

described in literature [see. Methods in enzymology V. 80. p341-361 ; B,ochem.stry 27. P 2144-2151 (1988)]. 



25 



30 



35 



w - [en- 



* [E] : concentration of the free enzyme 

40 "[I] ; concentration of the unbound inhibitor 

*** [El] * concentration of the enzyme-inhibitor complex 

for trypsm of the ^ u ^^™'V2^^^the ratio of the actUy for trypsin to the activity for thrombin is 
2S^2^^^V*G^^g para-nitroaniGde hydrochloride is used as the substrate. 



45 



SO 



55 



EP 0 739 886 A2 



. As the Result of determination of inhibitory activity for thrombin and trypsin of the compound of formula (I) according 
to the present invention, it can be identified that the compound of the present invention shows an excellent thrombin 
inhibitory activity and further has a high selectivity for thrombin against trypsin. Particularly, the selectivities of com- 
pounds of Examples 1 and 7 for thrombin against trypsin are approximately 2900 times and 26304 times, respectively, 

5 whereas the selectivities of the known thrombin inhibitors, argatroban (A) and NAPAP (B), are merely 250 times and 50 
times, respectively. Accordingly, it can be seen that the compound (I) of the present invention achieves a significant 
improvement in the selectivity tor thrombin against trypsin. 

As mentioned above, since the novel compound of formula (I) according to the present invention is a thrombin 
inhibitor which shows a potent thrombin inhibitory activity even through oral administration and also has a high selec- 

70 tivity for thrombin over trypsin, it is useful for prophylaxis of blood coagulation and treatment of various thrombosis. 

Accordingly, it is the third object of the present invention to provide a pharmaceutical composition for prophylaxis of 
blood coagulation and treatment of thrombosis which comprises the compound of formula (I) or its pharmaceuticaliy 
acceptable salt as an active ingredient. 

When the compound of formula (I) according to the present invention is administered to the subject host for dinical 

75 purpose, a daily dosage of the compound (I) can be varied preferably in the range of 0.001 mg to 10mg per kg of body 
weight. However, if required for a certain patient, a sepcrfic dosage beyond the above mentioned dosage range can be 
determined depending on the a specific compound to be used, weight, sex and healthy condition of the respective 
patient, diet, administration time and method, secretion rate of the compound, other active component to be combined 
and severity of the diseases to be treated. 

20 The compound of the present invention can be administered in the form of an injectable preparation or an oral prep- 
aration according to the desired purpose. 

The injectable preparation, for example, sterilized, injectable aqueous or oily suspensions can be formulated using 
a suitable dispersing agent, wetting agent or suspending agent according to the known method conventionally used in 
the field of preparation of injections. As the aqueous solvent suitable for this purpose, water. Ringer's solution or isotonic 

25 NaCI solution can be used In addition, although a sterilized fixing oil can be used as the solvent or suspending medium, 
any non-irritable fixing oil including mono- or di-glycerkles can be used for the same purpose. Furthermore, a fatty acid 
such as oleic acid may be added to the injectable preparation. 

The solid preparation for oral administration can be in the form of capsules, tablets, pills, powders and granules, 
with the capsule or tablet formulation being particularly useful. The tablets and pills can be prepared preferably in the 

30 enteric-coated formulation. In formulating the solid preparation, the active compound of formula (I) according to the 
present invention can be combined with a pharmaceuticaliy acceptable carrier, for example, one or more inert diluent(s) 
such as sucrose, lactose, starch, etc., lubricants such as magnesium silicate, disintegrants, binders and the like. 

One of the major characteristic features of the compound of formula (I) according to the present invention is that 
the compoud of formula (I) exhibits a good pharmacological effect even when it is formulated in the form of an oral prep- 

35 aration and then administered via oral route. This can be demonstrated from the result of pharmacokinetic experiments 
in rat and dog as the experimental animal. That is, in such experiments it could be identified that the active compound 
of the present invention is retained in blood for a prolonged period when it is administered via oral route. Accordingly, 
the compound of formula (I) according to the present invention is more useful in view of the fact that it can be effectively 
used in the form of oral preparation. 

40 Further, from the pharmacokinetic experiments it could also be identified that the active compound of the present 
invention can achieve the desired purpose without acute toxicity in mammals including rat and dog. 

When the thrombin inhibitor according to the present invention is administered to obtain anti-coagulant and throm- 
bolytic effects, it can be administered in combination with one or more substance(s) selected from the group consisting 
of thrombolytic agents and agents for inhibition of thrombocyte activity. As the thrombolytic agent which can be used for 

45 this purpose, t-PA, urokinase, streptokinase, etc. can be mentioned; and aspirin, ticlopidin, clopidrogel, 7E3 monoclonal 
antibody, etc. can be used as the agent for inhibition of thrombocyte activity. 

However, it should be understood that the preparation containing the active compound of the present invention for 
treatment and prophylaxis of thrombosis is not limited to those described above and can include any preparation useful 
for the same purpose. 

so Hereinafter, the present invention will be more specifically explained by the working examples. However, it should 
be understood that the examples are given only for the explanation of the present invention and not intended to limit the 
present invention in any manner. 

Preparation 1 

55 

Synthesis of cvclopentvl-methvlamine 

To a solution of cyclopentanone(l0ml, 113 mmol) in methanol (50ml) and water(50ml) were added methylamine 
hydrochloride(7.6g, 1 13 mmol) and sodium cyanoborohydride (NaBH 3 CN) (7.1g, 1 13 mmol). The mixture was heated 
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to reflux for 12hrs at pH 6. Methanol was evaporated under reduced pressure and the residue was cooled to 0°C, 
adjusted to pH 2 using 3N hydrochloric acid and then washed three times with diethyl ether. The aqueous layer was 
cooled again to 0°C and then adjusted to pH 11 using 6N socfium hydroxide solution. To this mixture was added t-buty- 
loxycarbonyl anhydride (24.5g. 113 mmol) in dioxane(50 ml). The solution was stirred for 3 hours at room temperature 
and concentrated under reduced pressure to about 30ml. The residue was extracted with ethyl acetate and washed with 
aqueous 0.5N hydrochloric acid and saturated sodium bicarbonate solutions. The organic layer was dried over anhy- 
drous magnesium sulfate, littered and concentrated under reduced pressure to obtain the white solid which was then 
purified by column chromatography(eluent = ethyl acetate :hexane = 7:3 (v/v)). Upon purification, the obtained solid 
product was dissolved in 4N HCI-dioxane solution(60ml) and the resulting solution was stirred for 30 minutes at room 
temperature: The solvent was evaporated in vacuo to obtain the title compound (13.7g Yield :90.5%). 

1 H NMR(CD 3 OD, ppm) 6 : 3.50(m, 1H), 2.68(s, 3H), 2.10(m, 2H), 1.86-1 .50(m, 6H) 
Preparation Z 

Synthesis of (S)-N-cvclopenM-N-methvl-3-(4-cvanoDte 

To a solution of (S)-3-(4^yariophenyl)-2-(butyloxycarbonylamino)propionic acid (0.7g, 2.41 rnmole) in dimethyrfor- 
mamide (DMF, 6ml) were added, 1-(3<iimethylaminopropyl)-3-ethylcarbodiirnide hydrochloride^ DC, 0.7g) and 1- 
hydroxybenzotriazole hydrate(HOBT, 0.4g) at 0°C. The mixture was stirred until they are completely dissolved therein. 
To this reaction mixture were added the compound (0.4g, 2.96 rnmole) prepared in Preparation 1 and N-methylmorpho- 
line(1.0 ml) and then the reaction temperature was slowly elevated to room temperature. The reaction solution was 
stirred for 3.5 hours. After the reaction is completed, the reaction solution was concerrrtrated under reduced pressure 
to remove the volatile substances and the remaining residue was diluted with ethyl acetate, washed successively with 
aqueous saturated sodium hydrogen carbonate solution, dilute hydrochloric acid and brine, dried over anhydrous 
sodium sulfate, filtered and then concentrated. The residue was purified by column chromatography (ethyl acetate : 
hexane = 73 (v/v)) to obtain the purified title compound (0.65g, Yield : 73.0%). 

1 H NMR(CDCI 3 . ppm) 6 : 7.61(m, 2H), 7.32(m, 2H) t 6.48, 5.01-4.86. 4.12(3m, 3H), 2.75, 2.62(2s, 3H), 2.90- 

1.20(m, 17H) 
Mass(FAB, m/e) : 372(M + +1) 

Preparation 3 

Synthesis of (SVN-cvcloperrtvl-N-meth^^ 

The compound (0.65g, 1 .75 rnmole) prepared in Preparation 2 was dissolved in dichloromethane(3ml) and then 
cooled to -10°C, and trifluoroacetic acid(TFA, 1mi) was added thereto. The reaction mixture was stirred for 5 minutes, 
slowly warmed to room temperature, stirred for 30 minutes and then concentrated under reduced pressure to remove 
the volatile substances. The residue was dried by means of a vaccum pump and then 6ml of DMF was added thereto. 
The mixture was cooled to 0°C and of N,N-diisopropylethylamine(1ml) was added thereto. The reaction mixture was 
warmed to room temperature and stirred for about 5 minutes. After addition of 2-naphthalenesulfonyl chloride (0.47g, 
2.07 rnmole), the reaction mixture was stirred for one hour to complete the reaction and then concentrated under 
reduced pressure to remove the volatile substances. The residue was diluted with ethyl acetate, washed with saturated 
sodium hydrogen carbonated solution and brine, dried over anhydrous magnesium sulfate, filtered and concentrated. 
The residue was purified by column chromatography (ethyl acetate : hexane = 1:1 (v/v)) to obtain the title compound 
(0.65g, Yield : 80.2%). 

1 H NMR(CDCI 3 , ppm) 6 : 8.28(m, 1H), 7.87(m, 3H), 7.73(m, 3H), 7.49(m, 2H), 5.92(m, 1H), 4.50, 4.32, 3.76(m, 

m, m, 2H), 2.95(m, 2H), 2.36, 2.22(s, s, 3H), 1 .60-1 .20(m t 6H), 0.98, 0.80, 0.47(m, 
m, m, 2H) 

Mass(FAB. m/e) : 462(M + +1) 

Example 1 

Synthesis of (SVN-cvclQpentvl-N-meth^ 

The compound (0.65g, 1 .41 rnmole) prepared in Preparation 3 was dissolved in of pyridine(IOml) and the resulting 
solution was introduced into a branched flask, to which triethylamine(0.45ml) was added. The reaction flask was 



EP 0 739 886 A2 



equipped so that hydrogen suff ide(H 2 S) gas can be slowly introduced through one branch of the flask and discharged 
through another branch. The reaction solution was saturated with hydrogen sulfide gas, while stirring for about 10 min- 
utes, during which the colorless solution was changed into green color and then gradually into dark brown. The flask 
was closed with rubber stopper and allowed to stand for 3 days at room temperature to complete the reaction. Then, 

5 the reaction solution was distilled under reduced pressure to remove the volatile substances and dried by means of a 
vaccum pump To the obtained yellow solid were added acetone(15ml) and iodomethane(CH 3 l, 0.65ml) together and 
this mixture was heated to reflux for 30 minutes. This reaction mixture was distilled again under reduced pressure to 
remove the volatile substances and dried by means of a vaccum pump. The residue was dissolved in absolute metha- 
nol(8ml) and then stirred. To this mixture was added portionwise 80% hydrazine hydrate (H 2 NNH 2 • H 2 0. 0.12ml, 1 .98 

to mmole) over three times at an interval of 10 minutes. After the reaction is completed, the reaction solution was concen- 
trated and then purified by HPLC to obtain the title compound (0.63g, Yield : 73.0%). 

HPLC condition : 

O eluent = methanol : water (75:25 v/v), each of which contains CF 3 COOH in the 
is concentration of 0.1% 

O : wavelength = 215nm 

O :elution rate = 20ml/min. 

O column = Delta PAK C 18 100 A (30x3 00mm) 
1 H NMR(CD 3 OD, ppm) 6 : 8.28(d, 1H), 7.92(m, 3H), 7.70-7.50(m, 5H), 7.35(dd, 2H), 4.60, 4.45(t, t, 1H), 4.12, 

20 3.99(m, m, 1H). 3.00, 2.87(m, m, 2H), 2.49, 2.26(s, s, 3H), 1.60-1.00. 0.73-0.52(m, 

m, 8H) 

Mass(FAB, m/e) : 494(M + +1) 



25 



Preparation 4 

Synthesis of butvl-methvlamine trifluoroacetic acid salt 



N-butyloxycarbonylbutylamine(140mg, 0.80 mmole) was dissolved in DMF (8ml), and sodium hydride(NaH, 20mg. 
1 eq. wt.) and iodomethane(0.10ml, 2 eq wt.) were added thereto. The reaction mixture was stirred for 30 minutes at 

30 room temperature and filtered through celrte bed and then concentrated under reduced pressure to remove the solvent. 
The residue was diluted with ethyl acetate, washed with 0.5N aqueous hydrochloric acid solution, dried over anhydrous 
magnesium sulfate and filtered. The organic layer was concentrated under reduced pressure and dried by means of a 
vaccum pump to obtain a white solid, which was then dissolved in dichloromethane and cooled down to 0°C To this 
mixture was added 1ml of trifluoroacetic acid(TFA). The reaction solution was stirred for 30 minutes at room tempera- 

35 ture, concentrated under reduced pressure and then dried by means of a vaccum pump to obtain the title com- 
pound(0.1 6g) in a quantitative yield. 

"•H NMR(CDCI 3 , ppm) 6 : - . 1.02(t, 3H), 1.30-1.80(m a 4H), 3.04(s. 3H), 3.52(t, 2H), 8.20(s, 2H) 



ao Example 2 

Synthesis of (S)-N-biityl-N-methyl-3^ 

The compound prepared in Preparation 4 was reacted according to the same procedure as Preparations 2 and 3 
45 to obtain the intermediate (S)-N-butyl-N-methyl-3-(4-cyanophenyl)-2-(2-naphthylsulfonylamino) propionamide(0.23g) 
which was used as the starting material. This starting material was treated according to the same procedure as Exam- 
ple 1 to obtain the purified title compound(0.1g. Yield : 40.0%). 

1 H NMR(CD 3 OD, ppm) S : 8.30(d, 1H), 7.98(m, 3H), 7.81-7.30(m, 7H), 4.50(m, 1H), 3.25-2.55(m, 4H), 2.78, 

so 2.45(2s, 3H), 1 .40-0.50(m, 7H) 

Mass(FAB, m/e) : 482(M + +1) 

Example 3 

55 Synthesis of (S)-N-cyclopentvl-N-prop^ 

The same procedure as Preparation 1, except that propylamine was used instead of methylamine, was carried out 
to obtain cyclopentyl-propylamine hydrochloride which was then treated according to the same procedure as Prepara- 
tions 2 and 3 to obtain the intermediate (S)-N-cyclopemyl-N-propyl-3-(4-cyanophenyl)-2-(2-naphthylsutfonylamino)pro- 
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pionamide(0.15g). This intermediate compound was used as the starting material and treated according to the same 
procedure as Example 1 to obtain the purified title compound(0.089g, Yield : 55.1%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.35-7.35(m, 11H), 4.62-4.32(m, m, 1H), 3.90, 3.70(m, m, 1H), 3.10-2.50(m, 4H), 

1.70-0.50(m, 13H) 
Mass(FAB, m/e) : 522(M + +1 ) 

Example 4 

Synthesis of fSl-N-cvcloperiWl-N-(2^enzd 
mide 

The same procedure as Preparation 1, except that 2-benzyloxyethylamine was used instead of methylamine, was 
carried out to obtain cydopentyl-(2-benzyloxyethyl)amine hydrochloride which was then treated according to the same 
procedure as Preparations 2 and 3 to obtain the intermediate (S)-N-cyclo-pentyl-N-(2-benzyloxyethyl)-3-(4-cyanophe- 
nyl)-2-(2-naphthylsuHonylamino) propionamide(0.15g). This intermediate compound was used as the starting material 
and treated according to the same procedure as Example 1 to obtain the purified title compound(0. 1 5g, Yield : 93.8%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.30-7.15(m. 16H), 4.64(m, 1H), 4.48. 4.39(s. s, 1H), 4.14, 4.00, 3.75. 3.45 (m, m. m. 

m, 3H), 3.10-2.70(m. 5H). 1 .62-1.00(m, 8H) 
Mass(FAB. m/e) : 614(M + +1) 

Example 5 

Synthesis of fSVN-cvclopentvl-N^ 

The same procedure as Preparation 1, except that butylamine was used instead of methylamine. was carried out 
to obtain butylcyclopentylamine hydrochloride which was then treated according to the same procedure as Prepara- 
tions 2 and 3 to obtain the intermediate (S)-N-cydopentyl-N-bu^ 

onamide(0.28g). This intermediate compound was used as the starting material and treated according to the same 
procedure as Example 1 to obtain the purified title compound(0.18g, Yield : 60%). 

*H NMR(CD 3 OD. ppm) 6 : 8.32(d. 1H). 7.96(m, 3H), 7.78-7.55(m, 5H). 7.42(dd, 2H), 4.62. 4.30(m. m, 1H), 4.02, 

3.90(m, m, 1H). 3.10-2.75, 2.55(m, m, 4H). 1 .65-0.80(m, 12H), 0.65 (t, 3H) 
Mass(FAB. m/e) : 536(M + +1) 

Example 6 

Synthesis of fSVN-cvclooentvl-N-ethvl-3-f4-amidrazonoDhenvlV2-f2-nap hthvlsulfonvlamino)propionamide 

The same procedure as Preparation 1, except that ethylamine was used instead of methylamine. was carried out 
to obtain cyclopentyl -ethylamine hydrochloride which was then treated according to the same procedure as Prepara- 
tions 2 and 3 to obtain the intermediate (S)-N-cydopentyl-N-ethyl-3^ 

onamide(0.2lg). This intermediate compound was used as the starting material and treated according to the same 
procedure as Example 1 to obtain the purified title compound(0.1 1g, Yield : 50.0%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.32(d, 1H). 7.97(m. 3H), 7.75-7.55(m, 5H), 7.42(m, 2H), 4.60, 4.38(m, m, 1H), 3.98. 

3.87(m. m, 1 H), 3.20-2.70(m, 4H). 1 .65-1 .00(m, 8H), 0.95. 0.58(t, t. 3H) 
MassfFAB, m/e) : 508(M + +1) 

Example 7 

Synthesis of (SVN-cvclooentvl-N-methv^ 

The intermediate compound prepared in Preparation 3 was used as the starting material and treated according to 
the same procedure as Example 1 , except that methylamine, instead of hydrazine, was added over 3 times at an inter- 
val of one hour, to obtain the purified title compound(0.064g, Yield : 8%). 
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*H NMR(CD 3 OD, ppm) 8 : 0.50-1 .60(m, 8H), 2.00-2.49(2s, 3H), 2.84(m, 1H), 2.96(m, 1H), 3.00(s, 3H), 4.05(m. 

1H), 4.50(m, 1H) r 7.20-8.30(m, 11H) 
Mass(FAB, m/e) : 493(M + +1) 

5 Example 8 

Synthesis of ($)>N-cvcloDentvi-N-methyi-3-r4-(1 ,1 Kfimemvlamidinolphenvn-2-(2-napmh^^ 

The intermediate compound prepared in Preparation 3 was used as the starting material and treated according to 
io the same procedure as Example 1 , except that dimethylamine, instead of hydrazine, was added over three times at an 
interval of one hour, to obtain the purified title compound(0.18g, Yield : 22%). 

1 H NMR(CD 3 OD, ppm) 6 : 0.60-1. 60(m, 8H), 2.29, 2.54(2s, 3H), 2.95(m, 1H), 3.06(m, 1H), 3.09(s, 3H), 3.31 (s, 

3H), 4.16(m, 1H), 4.60(m, 1H), 7.20-8.30(m, 11H) 
75 Mass(FAB, m/e) : 507(M + +1) 

Example 9 

Synthesis of (S)-N<:ycloDentvl-N-methyl-3^ 
20 nvlamino)propionamide 

The compound prepared in Preparation 2 was treated according to the same procedure as Preparation 3, except 
that 4-methoxy-2,3,6-trimethyibenzenesulfonyl chloride was used instead of 2-naphthalenesulfonyl chloride, to obtain 
the intermediate (S)-N^yclopentyi-N-methyl-3-(4-cy^ 
25 nylamino)propionamide(0.27g). This intermediate compound was used as the starting material and treated according 
to the same procedure as Example 1 to obtain the purified title compound(0.16g, Yield : 57.1%). 

1 H NMR(CD 3 OD, ppm) 8 : 7.62(d. 2H), 7.40(dd, 2H), 6.70(d, 1H), 4.35. 3.90(m. m, 2H), 3.83(d. 3H), 3.00 (m, 2H), 

2.50(m, 9H), 2.1 (s, 3H), 1 .75-0.90(m, 8H) 
30 Mass(FAB, m/e) : 516(M + +1) 

Preparatipn 5 

Synthesis of cyclppentyl-hydrQxylgmine 

35 

Hydroxylamine hydrochloride(H 2 NOH • HC1, 5.0g, 71.95 mmole) was dissolved in water(14ml), and metha- 
nol(30m!) and cyclopentanone (5.1ml, 57.66 mmole) were added thereto. The mixture was stirred, cooled to 0°C and 
then adjusted to pH 8 by adding 6N aqueous sodium hydroxide solution. Sodium cyanoborohydride (NaBH 3 CN, 1.9g, 
30.24 mmole) was added thereto. The mixture was warmed to room temperature and then stirred. The reaction mixture 
40 was retained at pH 4 by. adding portionwise the mixed solution of 6N HCI(20mJ) and methanol (30ml) in the course of 
the reaction. After 5 hours, the reaction mixture was adjusted to pH 7 and distilled under reduced pressure to remove 
methanol; The remaining reaction solution was cooled down to 0°C, adjusted again to pH 11, saturated with sodium 
chloride and then extracted four times with chloroform. The extract was dried over anhydrous magnesium sulfate, fil- 
tered and concentrated to obtain the title compound (3.4g, Yield : 58.3%). 

45 

1 H NMR(CDCI 3 , ppm) 8 : 7.20-5.00(bs, 1 H), 3.56(m, 1 H), 1 .90-1 .45(m, 9H) 

Example 10 

so Synthesis of (SVNK;vdopentvl-N-hydroxv-3-(4-amidra^^ 

The compound prepared in Preparation 5 was treated according to the same procedure as Preparations 2 and 3 to 
obtain the intermediate (S)-N^yclopentyl-N-hydroxy-3*(4-cyanophenyl)-2-(2^aphthy1sulfonylamino)propiona- 
mide(0.1g). This intermediate compound was used as the starting material and treated according to the same proce- 
ss dure as Example 1 to obtain the purified title compound (0.07g, Yield : 63.6%). 

1 H NMR(CD 3 OD, ppm) 8 : 8.25-7.30(m, 11H). 4.75(m, 1H), 4.30(m, 1H), 3.10, 2.75(m, m, 2H), 1.70-1 .00(m, 

8H) 

Mass(FAB, m/e) : 496(M + +1) 
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Example 11 

Synthesis of fSVN-cwlopentvl-N-(2-hvdrox 

The compound(0.15g, 0.24 mmole) prepared in Example 4 was dissolved in methanol(10ml) and then palladium 
hydroxide(0.02g) was added thereto. Hydrogen balloon was attached to the reaction vessel. After stirring for 2 days, the 
reaction mixture was tittered through a celite bed and concentrated. The residue was purified by HPLC to obtain the title 
compound(0.08g. Yield : 63.7%). HPLC condition was identical to that used in Example 1. 

n H NMR(CD 3 OD, ppm) 6 : 7.80-7.00(m, 11H), 4.47(m, 1H), 4.00(m, 1H), 3.60(m, 2H), 3.10-2.70(m, 4H), 1.70- 

1.10(m, 8H) 

Mass(FAB, m/e) : 524(M + +1) 
Example 1£ 

Synthesis of (SVN-cvctopentvt-N-meth^^ 
nylamino)prooionamide 

The same procedure as Example 9, except that methylamine, instead of hydrazine, was added over three times at 
an interval of one hour, was carried out to obtain the purified title compound(0.08g, Yield : 28.3%). 

1 H NMR(CD 3 OD, ppm) 6 : 7.65(d. 2H), 7.40(dd, 2H), 6.70(d, 1H), 4.40, 3.90(m, m, 2H), 3.85(d, 3H), 3.20 - 

2.90(m, 5H), 2.55(m, 9H), 2.1 0(s, 3H). 1 .75-0.90(m, 8H) 
Mass(FAB, m/e) : 515(M + +1) 

Example 13 

Synthesis of (Sl-N.N<iimethvl-3-(4-amid razono^^ 

The same procedure as Preparations 2 and 3, except that dimethylamine was used, was carried out to obtain the 
intermediate (S)-N,N<iimethyl-3-(4<yanoph This intermediate 

compound was used as the starting material and treated according to the same procedure as Example 1 to obtain the 
purified title compound(0.080g, Yield : 53%). 

NMR(CD 3 OD, ppm) 6 : 2.19(s, 3H), 2.62(s, 3H), 2.70-2.95(m, 2H), 4.41 (m, 1H), 7.20-8.30(m, 1 1H) 

Mass(FAB, m/e) : 440(M + +1) 

Example 14 

Synthesis of (S^N.N<limethvl-3-r4-(methvte^ 

The same procedure as Example 1 3, except that instead of hydrazine in the procedure of Example 1 , methylamine 
is added over three times at an interval of one hour, was carried out to obtain the purified title compound(0. 10g, Yield : 
48%). 

1 H NMR(CD 3 OD, ppm) 6 : 2.31(s, 3H). 2.75(s. 3H), 2.80-3.05(m, 2H) t 3.07(s, 3H), 4.54(m, 1H), 7.30-8.40(m, 

11H) 

Mass(FAB, m/e) : 439(fyT+1) 
Example 15 

Synthesis of (SVN-cvclohexvl-N-meth^^ 

The same procedure as Preparation 1, except that cyclohexanone was used instead ofcyclopentanone, was car- 
ried out to obtain cyclohexyl-methylamine hydrochloride, which was then treated according to the same procedure as 
Preparations 2 and 3 to obtain the intermediate (S)-N-cyclohexyl-N-methyl-3-(4-cyanophenyl)-2-(2-naphthylsulfo- 
nylamino)propionamide(0.21g). This intermediate compound was used as the starting material and treated according 
to the same procedure as Example 1 to obtain the purified title compound(0. 1 7g, Yield : 73.9%). 
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1 H NMR(CD 3 OD, ppm) 6 : 8.32(d, 1H), 7.95(m. 3H), 7.75-7.53(m, 5H), 7.40(dd, 2H), 4.50. 4.21, 3.62(m, m, m, 

2H), 3.05(m, 1H), 2.90(m, 1H), 2.55. 2.40(s. s, 3H). 1.80-0.62(m, 10H) 
Mass(FAB, m/e) : 508(MV1) 

f Example 16 

Synthesis of (S^N-cyclopropyl-N-methvl-3-(4-am 

The same procedure as Preparation 1 , except that cyclopropanone was used instead o1 cyclopentanone, was car- 
lo ried out to obtain cyclopropyl-methylamine hydrochloride, which was then treated according to the same procedure as 
Preparations 2 and 3 to obtain the intermediate (S)-N-cyclopropyl-N-methyl-3-(4-cyanopheny1)-2-(2-naphthylsulfo- 
nylamino)propionamide(0.2lg). This intermediate compound was used as the starting material and treated according 
to the same procedure as Example 1 to obtain the purified title compound(0.06g, Yield : 12%). 

75 *H NMR(CD 3 OD, ppm) 6 : 0.40-0.90(m, 4H), 2.40(s, 3H), 2.75(m, 1H), 2.95(m, 1H), 7.20-8.30(m, 11H) 

Mass(FAB, m/e) : 466(M + +1) 

Preparation 6 

20 Synthesis of (S)-3-(4-cvanophenvl)-N-cvclopentvNN-methyh2-(2-naphthalen-1 -vl-acetvlamino)-propionamide 

The compound(0.51g. 1 .34 mmole) prepared in Preparation 2 was dissolved in 3ml of dichloromethane and cooled 
down to -10°C, and then trifluoroacetic acid(TFA, 3ml) was added thereto. The reaction mixture was stirred for 5 min- 
utes, slowly warmed to room temperature, stirred again for 30 minutes and then distilled under reduced pressure to 

25 remove the volatile substance. The residue was dried using a vacuum pump and then DMF(10ml) was added thereto. 
This solution was cooled to -1 0°C. and 1 -(3<limethylaminopropyl)-3-ethylcarbodiimide hydrochloride(EDC, 0.4g) and 1 - 
hydroxybenzotriazole(HOBT, 0.2g) were added thereto and then stirred until they are completely dissolved. To the 
resulting solution were added 1 -naphthalene acetic acid(0.26g, 1 .4 mmole) and N.N-diisopropylethylamine(1 .2ml). The 
reaction mixture was slowly warmed to room temperature and stirred for 3 hours. Upon completion of the reaction, the 

30 reaction solution was distilled under reduced pressure to remove the volatile substance. The residue was diluted with 
ethyl acetate, washed successively with aqueous saturated sodium hydrogen carbonate solution, cfilute hydrochloric 
acid and brine, dried over anhydrous magnesium sulfate and then filtered. The filtrate was concentrated and the residue 
was purified by column chromatography ( methanol :chloroform= 1:99 (v/v)) to obtain the title compound (0.42g, Yield : 
68%). 

35 

1 H NMR(CDCI 3 , ppm) b : 8.0-6.8(m, 11H), 6.5(m, 1H), 5.1-5.3(m, 1H), 4.8-4.2(m, 1H), 4;1-3.8(m, 2H), 3.0- 

2.6(m, 5H), 1.8-1.3(m, 8H) 

Example 17 

AO 

Synthesis of (S)-3-r4-(amidrazonotohenvn-N-cvclopen^ 

The compound(0.21 g, 0.48 mmole) prepared in Preparation 6 was dissolved in pyridine(3ml) and the resulting solu- 
tion was introduced into a branched flask, to which tri ethyl amine(0.2ml) was added. The reaction flask was equipped 

45 so that hydrogen sulfide(H 2 S) gas can be slowly introduced through one branch of the flask and discharged through 
another branch. The reaction solution was saturated with hydrogen sulfide gas while stirring for about 10 minutes, dur- 
ing which the colorless solution was changed into green color and then gradually into dark brown. The flask was closed 
with rubber stopper and allowed to stand for 3 days at room temperature to complete the reaction. Then, the reaction 
solution was distilled under reduced pressure to remove the volatile substance and dried by means of a vaccum pump. 

so To the obtained yellow solid were added acetone(IOmt) and iodomethane(CH 3 l, 0.3ml) together and the mixture was 
heated under reflux for 30 minutes. This reaction mixture was distilled again under reduced pressure to remove the vol- 
atile substance and dried by means of a vaccum pump. The residue was dissolved in absolute methanol(5ml) and then 
stirred. To this mixture was added portionwise 80% hydrazine hydrate (H 2 NNH 2 • H 2 0, 0.04ml, 0.72 mmole) over three 
times at an interval of 1 0 minutes. After the reaction is completed, the reaction solution was concentrated and then puri- 

55 tied by HPLC to obtain the title compound(0.16g, Yield : 70%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.0-7.3(m, 11H), 5.3-5.1(m, 1H), 4.8-4.2(m, 1H), 3.9(s, 2H), 3.2-2.9(m, 2H), 2.78, 

2.72(2s, 3H), 1.8-1.3(m, 8H) 
Mass(FAB, m/e) : 472(M + +1) 
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Example 1g 

Synthesis of (S^3-r4-famidra2ono>-Dhenvn-N>cvclODentvi'N- methyl >2-f5^dimethviam ino>naDhthalene-1>sutfo- 
nylaminoVpropionamide 

The same procedure as Preparation 3, except that 5-(N,N<iimethylamino)-1-naphthalenesulfonyl chloride was 
used instead of 2-naphthalenesulfonyl chloride, was carried out to obtain the intermediate (S)-3-(4-cyanophenyl)-N- 
cydOi^entyl-N-methyl-2-(5<iimethylaminoHiaphthaleneO-suHonylarnino)-propionamide ( 0.55g, 1.09 mrnole). This 
intermediate compound was then treated according to the same procedure as Example 1 to obtain the purified title 
compound(0.35g, Yield : 60%). 

1 HNMR(CD30D.ppm)6: 8.6-7.3(m, 10H), 4.6-3.9(m, 2H), 3.11 (s, 3H), 3.0(s. 3H), 3.05-2.8(m, 2H), 2.5, 

2.4(2s, 3H), 1.7-0.9(m, 10H) 
MassfFAB, m/e) : 537(M + +1) 

Example 19 

Synthesis of (SV3-f4-( amid razonoVphenvn-N-cvclopentyl-N- methyl -2-f 5-methoxy-naphthalene-1 -sulfonvlamino)-pro- 
pionamide 

The same procedure as Preparation 3, except that 5-methoxy-1 -naphthalenesulfonyl chloride was used instead of 
2-naphthalenesulfonyl chloride, was carried out to obtain the intermediate (S)-3-(4-cyanophenyl)-N-cycbpentyl-N- 
methyl-2-(5-methoxy-naphthalene-1-sulfonylamino)-propionamide(0.18g, 0.37 mrnole). This intermediate compound 
was then treated according to the same procedure as Example 1 to obtain the purified title compound(0.12g, Yield : 
65%). 

1 H NMR(CD 3 OD, ppm) 8 : 8.5-7.0(m, 10H). 4.6-4.0(m. 2H), 4.2(s. 3H), 3.0-2.8(m, 2H), 2.48-2.45(2s, 3H), 1.7- 

1.0(m, 8H) 

MassfFAB, m/e) : 523(M + +1) 
Example 20 

Synthesis of (Sl^[4iamjd^ 
propionamide 

The same procedure as Preparation 3, except that 6,7-dimethoxy-2-naphthalenesulfonyl chloride was used instead 
of 2-naphthalenesulfonyl chloride, was carried out to obtain the intermediate (S)-3-(4-cyanopheny1)-N-cyclopentyl-N- 
methyl-2-(6,7<limethoxy-naphthalene-2-sulfonylamino)-propionamide (2.2g, 2.2 mrnole). This intermediate compound 
was then treated according to the same procedure as Example 1 to obtain the purified title compound(1 .55g, Yield : 
67%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.4-7.3(m, 9H), 4.7-4.0(m, 2H), 4.2-4.0(2s, 6H), 3.2-2.8(m, 2H), 2.6-2.2 (2s, 3H), 1.7- 

1.0(m, 8H) 

Mass(FAB, m/e) : 554(M-+1) 
Example 21 

Synthesis of teV3-f4-(methvlamidinoVphenvn-N-cvclopen^^ -sulfo- 
nvtaminoVpropionamide 

The same procedure as Preparation 3, except that 5-(N r N-dimethylamino)-1 -naphthalenesulfonyl chloride was 
used instead of 2-naphthalenesulfonyl chloride, was carried out to obtain the intermediate (S)-3-(4-cyanophenyl)-N- 
cydopemyl-N-methyl-2-(5-dimethy»amino-n 0.6 mrnole). This inter- 

mediate compound was then treated according to the same procedure as Example 1 , except that methylamine is used 
instead of 80% hydrazine hydrate, to obtain the purified title compound(0.08g. Yield : 25%). 



1 H NMR(CD 3 OD, ppm) 6 : 8.52-7.25(m, 10H), 4.55-4.42(m. 2H), 4.23-3.98(m, 2H), 3.09(s, 3H), 3.06-2.80(m, 

2H), 2.90(m, 6H), 2.45(s, 3H), 2.38(s, 3H), 1 .76-0.90(m, 8H) 
Mass(FAB, m/e) : 536(M + +1) 
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Example? 22 

Synthesis of (S^3-f4-(amidra2onoVDhenyn'N-cvclopentvl-N'niethvl -2 -( naphtha! ene-1 -sulfonvlaminoVpropionamide 

The same procedure as Preparation 3, except that 1 -naphthalenesuHonyl chloride was used instead of 2-naphtha- 
lenesurfonyf chloride, was carried out to obtain the intermediate (S)-3-(4-cyanophenyl)-N-cyclopent/l-N-methyl-2- 
(naphthalene-1-surfonylamino)-propionamide(0.5g, 1 mmole). This intermediate compound was then treated according 
to the same procedure as Example 1 to obtain the purified title compound(0.2g, Yield : 40%). 

1 H NMR(CD 3 OD,ppm)6: 8.61-7.28(m, 11H), 4.55-4.4l(m, 2H), 4.23-4.00(m, 2H), 3.00-2.84(m, 2H), 2.49, 

2.41(2s,3H), 1.70-1 .00(m, 8H) 
Mass(FAB, m/e) : 494(MV1) 

Example ?3 

Synthesis of (S)-3-[4-(amidrazono)-phenyq-N-cvclopenty1-N-methvl >2-f2-(naphlhalen-1 >vl-oxv)acetvlaminoypropiona- 
mide 



The same procedure as Preparation 6, except that (1 -naphthoxy)acetic acid was used instead of 1 -naphthalene 
acetic acid, was carried out to obtain the intermediate (S)-3-(4^;yanopheny1)-N^yclopenty1-N-methyl-2-[2-(naphthalen- 
1 -y1oxy)-acetylamino]-propionamide(0.59g, 1 .3 mmole). This intermediate compound was then treated according to the 
same procedure as Example 1 7 to obtain the purified title compound(0.38g, Yield : 60%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.25-6.8(m, 11H). 5.38-5.22(m, 2H), 4.77-4.39(m, 2H), 4.70(s. 2H), 3.21-3.05(m, 

2H), 2.88-2.77(2s, 3H), 1.92-1.40(m, 8H) 
Mass(FAB. m/e) : 488(M + +1 ) 

Example ?4 

Synthesis of (S^3-r4>(amidra2onoVphenv^N-cvclopenty1-N-methyl -2-f2-( naphthalen-2-vl-oxy)acetylamino1-propiona- 
mide 



The same procedure as Preparation 6, except that (2-naphthoxy)acetic acid was used instead of 1 -naphthalene 
acetic acid, was carried out to obtain the intermediate (S)-3-[4-(amino-hydrazonomethyl)-phenyl]-N-cyclopentyl-N- 
methyl-2-[2-(riaphthalen-2-y!-oxy)acetyiamino]-propionarnide (0.7g, 1.54 mmole). This intermediate compound was 
then treated according to the same procedure as Example 17 to obtain the purified title compound(0.59g, Yield : 63%). 

1 HNMR(CD 3 OD,ppm)5: 7.80-7.14(m, 11H), 5.35-5.18(m, 1H) t 4.76-4.35(m, 1H), 4.61(s, 2H), 3.18-3.Q5(m, 

24). 2.85-2.75(2s, 3H), 1.85-1.25(m, 8H) 
Mass(FAB, m/e) : 488(M + +1) 

Preparation 7 

Synthesis of N-t-butoxvcarbonyl-N-methvlaminoacetic acid methyl ester 

Glycine methyl ester hydrochloride^ .0g, 8.2 mmole) was dissolved in water(1 2ml) and 1 N aqueous sodium hydrox- 
ide solution(8.2ml) t and then 1 ,4-dioxane(20ml) was added thereto. To this mixture was added di-t-butyldicarbo- 
nate(2.2g, 9.8 mmole) at 0°C, and the mixture was warmed to room temperature and stirred for 2 hours. The volatile 
substance was removed from the reaction mixture under reduced pressure and the residue was diluted with ethyl ace- 
tate, washed successively with aqueous saturated sodium hydrogen carbonate solution, dilute hydrochloric acid and 
saturated saline, dried over anhydrous sodium sulfate, filtered and then concentrated. The resulting product was dis- 
solved in dimethyrformamide(DMF, 10ml). To this solution was slowly added 60% sodium hydride(NaH, 0.25g p 6.4 
mmole) at 0°C and then added dropwise iodomethane(CH 3 l, 1 .1 ml). The mixture was slowly warmed to room temper- 
ature and stirred for 3 hours at the same temperature. The mixture was filtered through a Celite bed and concentrated 
under reduced pressure. The residue was diluted with ethyl acetate, washed successively with aqueous saturated 
sodium hydrogen carbonate solution, dilute hydrochloric acid and brine, dried over anhydrous sodium sulfate, filtered 
and then concentrated. The residue was purified by column chromatography using ethyl acetate/hexane (6/4, by vol- 
ume) as an eluent to obtain the purified title compound(1 .0g, Yield : 65%). 
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n H NMR(CDCI 3 . ppm) 6 : 1 .45(6, 9H). 2.95(s, 3H), 3.78(s, 3H), 3.92(s, 1 H), 4.00(S. 1H) 

Mass(FAB. m/e) : 204(M+1) 

Preparation g 

5 

Synthesis of {r(S^2-(t-birtoxvcarbonvlami^ acid methyl ester 

(S)-2-(t-butoxycarbonylamino)-3-(4^yanophenyt)propionic acid(0.5g, 1.72 mmole) was dissolved in dimethyrfor- 
mamide (DMF). The resulting solution was cooled down to 0°C, and then 1 -(3-dimethylaminopropyl)-3 -methyl carbodi- 

io imide hydrochloride(EDC, 0.39g) and 1-hydroxybenzotria20le(HOBT, 0.28g) were added thereto and stirred until they 
are completely dissolved. Separately, the compound(0.35g, 1.72 mmole) prepared in Preparation 7 was dissolved in 
dichloromethane(2ml) and cooled down to -10°C. Trifluoroacetic acid(2ml) was added thereto and the mixture was 
stirred for 5 minutes, slowly warmed to room temperature, stirred again for 30 minutes and then distilled under reduced 
pressure to remove the volatile substance. The resulting compound thus prepared and N-methylmorpholine(lml) were 

75 added to the solution as obtained above, and then the reaction solution was slowly warmed to room temperature and 
stirred for 3.5 hours. Upon completion of the reaction, the reaction solution was distilled under reduced pressure to 
remove the volatile substance. The residue was diluted with ethyl acetate, washed successively with aqueous saturated 
sodium hydrogen carbonate solution, dilute hydrochloric acid and brine, dried over anhydrous sodium sulfate, filtered 
and then concentrated. The residue was purified by column chromatography using ethyl acetate/hexaneKSA?, by vol- 

20 ume) as an eluent to obtain the purified title compound(0.58g, Yield : 90%). 

1 H NMR(CDCI 3 , ppm) 6 : 1.40(m, 9H), 3.08(s, 3H), 2.95-3.25(m, 2H), 3.78(s, 3H), 3.89-4.35(m, 2H), 4.95(m, 

1 H), 5.52(d, 1 H), 7.35(m, 2H), 7.60(m, 2H) 
Mass(FAB, m/e) : 376(M+1) 

25 

Preparation 9 

Synthesis of 14r3-f4-cvanoohenv1WSV2-m a r^thalene-2^ acid m ethyl 

ester 

30 

The compound(0.57g, 1.52 mmole) prepared in Preparation 8 was dissolved in dichloromethane(2ml) and cooled 
down to -10°C, and then trifluoroacetic acid(TFA, 2ml) was added thereto. The reaction mixture was stirred for 5 min- 
utes, slowly warmed to room temperature, stirred again for 30 minutes and then distilled under reduced pressure to 
remove the volatile substance. The residue was dried using a vacuum pump and then DMF(10ml) was added thereto. 

35 This solution was cooled down to -1 0°C and N,N-diisopropylethylamine(1 ml) was added thereto. This reaction solution 
was warmed to room temperature and stirred for about 5 minutes and then 2-naphthalenesulfonyl chloride (0.41 g, 1 .82 
mmole) was added thereto. The reaction mixture was stirred for one hour to complete the reaction and distilled under 
reduced pressure to remove the volatile substance. The residue was diluted with ethyl acetate, washed two times with 
water, dried over anhydrous magnesium sulfate and then filtered. The filtrate was concentrated and the residue was 

40 purified by column chromatography using ethyl acetate/hexane(1/l , by volume) as an eluent to obtain the purified title 
compound(0.55g, Yield : 78%). 

1 H NMR(CDCI 3 . ppm) 6 : 2.88(s, 3H), 2.80-3.20(m, 2H), 3.80(d, 3H), 4.12(d. 2H), 4.58(m, 1H), 6.40(d. 1H), 

7.20-8.40(m, 11H) 
45 Mass(FAB, m/e) : 466(M+1) 

Example 25 

Synthesis of (r3-(4-amidrazono-phenvlV(S)-2^r^^ acid 
so methyl ester 

The compound(0.55g, 1.18 mmole) prepared in Preparation 9 was dissolved in pyridine(IOml) and the resulting 
solution was introduced into a branched flask, to which triethylamine(0.45ml) was added. The reaction flask was 
equipped so that hydrogen sutfide(H 2 S) gas can be slowly introduced through one branch of the flask and discharged 
55 through another branch. The reaction solution was saturated with hydrogen surf be gas. while stirring for about 10 min- 
utes, during which the colorless solution was changed into green color and then gradually into dark brown. The flask 
was closed with rubber stopper and allowed to stand for 3 days at room temperature. Upon completion of the reaction, 
the reaction solution was distilled under reduced pressure to remove the volatile substance and dried by means of a 
vaccum pump. To the obtained yellow solid were added acetone(10ml) and iodomethane(CH 3 l, 0.55ml) together and 
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the mixture' was heated under reflux for 30 minutes. This reaction mixture was distilled again under reduced pressure 
to remove the volatile substance and dried by means of a vaccum pump. The residue was dissolved in absolute meth- 
anol(5ml) and then stirred. To this solution was added portionwise 80% hydrazine hydrate (H 2 NNH 2 • H 2 0, 0. 11 ml, 1 .77 
mmole) over three times at an interval of 10 minutes. After the reaction is completed, the reaction solution was concen- 
5 trated and then purified by HPLC to obtain the title compound(0.25g, Yield : 43%). 

NMR(CD 3 OD, ppm) 6 : 2.95(s, 3H), 2.70-3.20(m, 2H), 3.54(s, 3H), 3.80(d. 2H), 4.55(m, 1H), 7.20-8.30(m, 

11H) 

Mass(FAB, m/e) : 498(M+1) 

w 

Example gft 

Synthesis of ff3-(4-amidrazono-phenyl)-(S)-2-(naprrth acid 

is The compound(160mg, 0.32 mmole) prepared in Example 25 was dissolved in the mixed solvent(4ml) of methanol 
and water(3:1). To this solution was slowly added lithium hydroxide hydrate (LiOH • H 2 0, 0.016g, 0.38 mmole) at 0°C 
and the mixture was stirred for 2 hours at room temperature. Upon completion of the reaction, the reaction solution was 
concentrated and purified by HPLC to obtain the title compound(50mg, Yield : 32%). 

20 1 H NMR(CD 3 OD, ppm) 6 : 2.20-2.60(m, 2H), 2.48(s, 3H), 2.78(s, 3H), 2.32(m, 2H), 4.12(m, 1H), 6.80-7.80(m, 

11H) 

Mass(FAB, m/e) : 484(M+1) 
Example 27 

25 

Synthesis of (S^2-(r3-{4-amidrazono-phenvlHSV2-(naphth^ 
acid methvl ester 

The same procedure as Preparation 7, except that (L)-alanine methyl ester was used instead of glycine methyl 
30 ester, was carried out to obtain (L)-(N-t-buloxycarbonyl-N-melhyl)-alanine methyl ester, which was then treated accord- 
ing to the same procedure as Preparations 8 and 9 to obtain the intermediate (S)-2-{[3-(4-cyanophenyl)-(S)-2-(naph- 
thalene-2-sulfonylamino)propionyl] -methyl-aminoj-propionic acid methyl ester(1.43g). This intermediate compound 
was treated according to the same procedure as Example 25 to obtain the purified title compound (0.64g, Yield : 48%). 

35 'H NMR(CD 3 OD, ppm) 8 : 0.69, 0.88(d, d, 3H), 2.79, 2.95(s, s, 3H), 2.80. 3.06(m, m. 2H). 3.48, 3.57 (s, s. 3H). 

4.29(m, 1 H), 4.55(m. 1 H), 7.30-8.30(n% 1 1 H) 
Mass(FAB, m/e) : 512(M+1) 

Example 28 

40 

Synthesis of (S)-2-fr3-(4-amidrazono-phenvlHS)^^ 
acid 

The compound prepared in Example 27 was treated according to the same procedure as Example 26 to obtain the 
45 purified title compound(0.06g, Yield : 41%). 

1 H NMR(CD 3 OD, ppm) 6 : 0.64, 0.95(d, d, 3H), 2.76, 2.92(s, s, 3H), 2.83, 3.09(m, m, 2H), 4.37(m, 1H), 4.54(m, 

1H), 7.30-8.40(m, 11 H) 
Mass(FAB, m/e) : 498(M+1) 

so 

Example 29 

Synthesis of (RV2^[3-(4-amidrazono-phenvlVfSV2-fnaphthalene-2-sulfonvlamino)-propionvl]-methyl-amino)-propionic 

acid methyl ester 

55 

The same procedure as Preparation 7, except that (D)-alanine methyl ester is used instead of glycine methyl ester, 
was carried out to obtain (D)-(N-t-butoxycarbonyl-N-methyl)-alanine methyl ester, which was then treated according to 
the same procedure as Preparations 8 and 9 to obtain the intermediate (R)-2-{[3-(4-cyanophenyl)-(S)-2-(naphthalene- 
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2-sulfonylamino)propionyI]-methyi-amino}-propionic acid methyl ester(0.78g). This intermediate compound was treated 
according to the same procedure as Example 25 to obtain the purified title compound(0.58g, Yield : 70%). 

1 H NMR(CD 3 OD. ppm) 8 : 0.89, 1.21(d, d, 3H), 2.46, 2.94<s, S, 3H), 2.80, 3.08(m, m, 2H), 3.49, 3.78 (s, s, 3H). 

4.29{m, 1 H), 4.59(m, 1 H). 7.30-8.40(m, 1 1 H) 
Mass(FAB, m/e) : 512(M+1) 

Example 30 

Synthesis of (RV2-ff3-(4^midrazono-phenvlWSV2 ^ 
acid 

The compound(0.03g. 0.059 mmole) prepared in Example 29 was treated according to the same procedure as 
Example 26 to obtain the purified title compound{0.01g, Yield : 33%). 

1 H NMR(CD 3 OD, ppm) 6 : 0.90, 1.18(d, d, 3H), 2.44, 2.92(s, s, 3H), 2.82. 3.08(m, m, 2H), 4.33(m, 1H), 4.62(m, 

1H),7.30-8.40(m, 11H) 
Mass(FAB, m/e) : 498(M+1) 

Example 31 

Synthesis of mV24r3-(4>amidrazonoHDherTvlWSV2 ^ naphthalene -2>sutfonvlaminoVpropic)nvn-mfithYl'anriinp}>3- 
methvl-butvric acid methyl ester - 

The same procedure as Preparation 7, except that (D)-vaiine methyl ester was uspd instead of glycine methyl ester, 
was carried out to obtain (D)-(N-t-butoxycarbonyl-N-methy1)-valne methyl ester, which was then treated according to the 
same procedure as Preparations 8 and 9 to obtain the intermediate (R)-2-{[3-(4-cyanophenyl)-(S)-2-(naphthalene-2- 
sulfonyiamino)propionylJ-methyl-amino}-3-methyl-butyric acid methyl ester(0.19g). This intermediate compound was 
treated according to the same procedure as Example 25 to obtain the purified title compound(0.1 1g, Yield : 55%). 

1 H NMR(CD 3 OD, ppm) 6 : 0.59, 0.70(d f d, 3H), 0.89, 0.98(d, d, 3H), 2.09, 2.21 (m, m, 1H), 2.75, 3.06 (s, s. 3H), 

3.40, 3.68(s, s, 3H), 4.34, 4.38(d, d t 1 H), 4.63, 4.70(m, m, 1 H), 7.20-8.40(m, 1 1H) 
Mass(FAB, m/e) : 540(M + +1) 

Example 32 

Synthesis of fRV2-ira-(4-arrM 
butvric acid 

The compound prepared in Example 31 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.04g, Yield : 40%). 

1 H NMR(CD 3 OD, ppm) 6 : 0.57, 0.63(d, d, 3H), 0.92, 0.99(d, d, 3H), 2.09, 2.18(m, m, 1H), 2.74, 3.08 (s, s, 3H), 

4.18, 4.36(d, d, 1H), 4.64, 4.70(m, m, 1H), 7.20-8.40(m, 11H) 
Mass(FAB, m/e) : 526(M+1) 

Example 33 

Synthesis of 34l3-(4-amidrazono-phen^ 
acid methvt ester 

The same procedure as Preparation 7, except that 3-aminopropionic acid methyl ester was used instead of glycine 
methyl ester, was carried out to obtain 3-(N-t-butoxycarbonyl-N-methy1)-amino-propionic acid methyl ester, which was 
then treated according to the same procedure as Preparations 8 and 9 to obtain the intermediate 3-{[3-(4-cyanopheny1)- 
(S)-2Knaphthalene-2-sulfonylamino)-propionyI]-methyl-amino}-propionic acid methyl ester (0.69g). This intermediate 
compound was treated according to the same procedure as Example 25 to obtain the purified title compound(0.55g, 
Yield : 74%). 
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1 KNMR(CD 3 OD, ppm) 6 : 8.31, 7.97, 7.68. 7.48(d. m, m, m, 11H), 4.62, 4.51(m, m, 1H), 3.62, 3.55 (s, s, 3H), 

3.05. 2.85(m, m, 4H), 2.80. 2.45(s, s, 3H), 2.38, 1.91(m, m, 2H) 
Mass(FAB, m/e) : 512(M + +1) 

5 Example 34 

Synthesis of 3-(r3-(4-amidrazono-Dhen\rinSV2-(ro^ 
aicd 

10 The compound prepared in Example 33 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.i7g, Yield : 32%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.31, 7.98, 7.78-7.37(d, m, m, 11H), 4.65, 4.52(m, m, 1H), 3.20-2.85(m, 4H), 2.80, 

2.45(S, s, 3H), 2.38, 1 .91 (m, m, 2H) 
75 Mass(FAB, m/e) : 498(MV1) 

Example 35 

Synthesis of 4-(r3-(4-amidrazono-phenvlHS)-2-(napthalene-^ acid 
20 methyl ester 

The same procedure as Preparation 7, except that 4-aminobutyric acid methyl ester was used instead of glycine 
methyl ester, was carried out to obtain 4- (N-t-butoxycarbonyl-N-methyl) -amino-propionic acid methyl ester, which was 
then treated according to the same procedure as Preparations 8 and 9 to obtain the intermediate 4-{[3-(4-cyanophenyl)- 
25 (S)-2-(naphthalene-2-sulfonylamino)-propionyl]-methylamino}-butyric acid methyl ester (0.51 g). This intermediate com- 
pound was treated according to the same procedure as Example 25 to obtain the purified title compound (0.40g, Yield 
: 74%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.32(s, 1H), 7.98(m, 3H), 7.78-7.36(m, 7H), 4.55(m, 1H), 3.72, 3.60(s, S, 3H), 3.10, 

30 2.81 (m, m, 4H), 2.79, 2.55(s, s, 3H), 2.22(m, 1H), 1.89(m, 1H), 1.63, 1.42(m, m, 1H). 

1.18(m, 1H) 

Mass(FAB, m/e) : 526(M + +1 ) 

Example 36 

35 

Synthesis of 4-{f3-(4-amidrazono-phen\riHSV2-maphthalene^ acid 

The compound prepared in Example 35 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.l2g, Yield : 32%). 

AO 

""H NMR(CD 3 OD, ppm) 6 : 8.32(m, 1H), 7.98(m, 3H), 7.78-7.35(m, 7H), 4.55(m, 1H), 3.05, 2.81(m, m, 4H), 2.79, 

2.50(s, s, 3H), 2. 1 8(m, 1 H), 1 .89 (m, 1 H), 1 .35(m. m, 1H), 1.1 6(m, 1 H) 
Mass(FAB, m/e) : 512(M + +1) 

45 Preparation 10 

Synthesis of N-t-butoxvcarbonvl-N-cvclopropvl -acetic acid methyl ester 

Cyclopropylamine(1.34g, 23.49 mmole) was mixed with DMF(15ml) and triethyiamine(3ml) and the mixture was 
so introduced into the reaction vessel. Methylbromoacetate(2.2ml, 23.49 mmole) and DMF(5ml) were introduced into the 
dropping funnel. The reaction vessel was cooled to 0°C and then the solution contained in the dropping funnel was 
added dropwise to the reaction vessel. Upon completion of the addition, the reaction mixture was warmed to room tem- 
perature and allowed to react for 3.5 hours. After the reaction is completed, water(IOml) and 3N sodium hydroxide(8ml) 
were added thereto. To the reaction mixture was added 1 ,4-dioxane(1 0m!) followed by the addition of butyloxycarbonyl 
55 anhydride(6.1g. 27.95 mmole). The reaction mixure was allowed to react for 3 hours at room temperature and distilled 
under reduced pressure to remove the volatile substance. The residue was diluted with ethyl acetate and washed suc- 
cessively with saturated sodium hydrogen carbonate, dilute hydrochloric acid and brine. The organic layer was sepa- 
rated, dried over anhydrous magnesium sulfate and filtered. The solvent was removed under reduced pressure from the 
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fittrate. The residue was purified by column chromatography (eluent : ethyl acetate/hexane (6/4. by volume)) to obtain 
the purified title compound(2.3g, Yield : 43%). 

1 H NMR(CDCI 3 , ppm) 8 : 3.95<m t 2H), 3.72(m, 3H), 2.75, 2.52 (bs, bs, 1H), 1.45. 1.47(s. s. 9H). 0.80-0 45(m, 

5 ^ 4H) 

Mass(FAB, m/e) : 230(M + +1) 
Example 37 

io Synthesis of fr3-(4-amidrazono^henvlHS acW 
m^hyl ester 

The compound prepared in Preparation 10 was treated according to the same procedure as Preparations 8 and 9 
to obtain the intermediate Q3-(4-cyanophenylMS)-2-(naphthalene-2-^ 
15 tic acid methyl ester (0.30g). This intermediate compound was treated according to the same procedure as Example 
25 to obtain the purified title compound (0.25g, Yield : 77%). 

1 H NMR(CD 3 OD ppm) 5 : 8.24(s. 1H). 7.93(m. 3H), 7.65(m. 3H), 7.42(d, 2H), 7.35(d, 2H). 5.02(m. 1H), 3.92(d, 

1H), 3.64<d, 1H). 3.60(S, 3H), 3.19(dd, 1H). 2.80(m, 2H). 0.95. 0.85. 0.61 (m. m, m, 
20 4H) 

Mass(FAB, m/e) : 524(M + +1) 

Example 38 

25 Synthesis of {r3.r4-amidrazono^henvlHSV2^r^^ acid 

The compound prepared in Example 37 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.07g, Yield : 29%). 

30 1 H NMR(CD 3 OD, ppm) 8 : 8.24(s. 1H), 7.93(m. 3H). 7.42(d. 2H). 7.35(d. 2H). 5.02(m. 1H). 3.95(d. 1H). 3.54(d. 

1H). 3.20(dd, 1H), 2.80(m. 2H). 0.95. 0.85, 0.61 (m. m. m, 4H) 
Mass(FAB. m/e) : 510(M + +1 ) 

Example 39 

35 

S ynthesis of (f3-(4-amidrazonoH3henvlWSV2-maph ^ acid methyl 

ester 

The same procedure as Preparation 10. except that butylamine was used instead of cyclopropylamine. was carried 
40 out to obtain N-t-butoxycarbonyl-N-butylamino-acetic acid methyl ester, which was then treated according to the same 
procedure as Preparations 8 and 9 to obtain the intermediate {[3-(4-cyano-phenyl)-(S)-2-(naphthalene-2-sulfo- 
nylamino)-propionyl]-butytamino}-acetic acid methyl ester(0.31g). This intermediate compound was treated according 
to the same procedure as Example 25 to obtain the purified title compound(0.19g, Yield : 58%). 

45 1 H NMR(CD 3 OD. ppm) 8 : 8.30-7.32(m, 11H). 4.32-4.09(m, 3H). 3.55(s. 3H), 3.57-2.50(m, 4H). 1.26-0.50(m, 

7H) 

Mass{FAB. m/e) : 540(M + +1) 
Example 40 

so 

Synthesis of ff3-(4-amidrazono^henv1WSV2^naphthalene ^ acid 

The compound prepared in Example 39 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0. 1 2g. Yield : 67%). 

55 1 H NMR(CD 3 OD, ppm) 8 : 8.30-7.10(m. 11H). 4.31-4.10(m, 3H). 3.52-2.55(m, 4H). 1.25-0.50(m. 7H) 

Mass(FAB. m/e) : 526(M+1) 
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Example 41 

Synthesis of {r3-(4-amidrazono-phenYl)-(S)-2-(naphthalene-2-sufo^ acid 
methyl ester 

5 

The same procedure as Preparation 10, except that cyclopentylamine was used instead of cyclopropylamine. was 
carried out to obtain N-t-butoxycarbonyl-N-cydopentylamino-acetic acid methyl ester, which was then treated according 
to the same procedure as Preparations 8 and 9 to obtain the intermediate {[3-(4-cyanophenyl)-(S)-2-(naphthalene-2- 
sulfonyiamino)-propionyl]-cyclo -pentylaminoj-acetic acid methyl ester(0.23g). This intermediate compound was 
10 treated according to the same procedure as Example 25 to obtain the purified title compound(0.12g, Yield : 50%). 

n H NMR(CD 3 OD, ppm) 6 : 8.35-7.35(m, 11H), 4.66, 4.33(m, m, 1H), 4.15(m, 1H), 3.75. 3.53(m, n% 1H), 3.61(s, 

3H), 3.40-2.80(m, 3H), 1 .90-0.60(m, 8H) 
Mass(FAB, m/e) : 552(M + +1) 

15 

Ex ample 42 

Synthesis of (r3-(4-amidra2ono>phenyl)-(S)-2>(naphthalene"2-suHonylamino)-propionvn-cyclonentvtarnino)-acetic acid 

20 The compound prepared in Example 41 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.4g, Yield : 33%). 

1 H NMR(CD 3 OD, ppm) S : 8.35-7.35(m, 1H), 4.65, 4.32(m, m, 1H), 4.15(m, 1H), 3.75, 3.52(m, m, 1H), 3.41. 

3.28-3.10, 2.80(m, m, m, 3H), 1.90-0.60(m, 8H) 
25 Mass(FAB. m/e) : 538(M + +1) 

Preparation 11 

Synthesis of 1'(N-t-bu toxvcarbonvl-N-methvlamino)-cvclopentane carboxvlic acid methyl ester 

30 

Cycloleucine(3g, 23.2 mmole) was dissolved in 1N aqueous sodium hydroxide solution(23.2ml) and distilled 
water(7m!), and then 1 ,4-dioxane(30ml) was added thereto. To this mixture was added di-t-butyldicarbonate(6.lg, 27.8 
mmole) at 0°C, and the mixture was warmed to room temperature and then stirred for 2 hours. The volatile substance 
was removed from the reaction mixture under reduced pressure and the residue was diluted with ethyl acetate, washed 
35 successively with aqueous saturated sodium hydrogen carbonate solution, dilute hydrochloric acid and brine, dried over 
anhydrous sodium sulfate, filtered and then concentrated. The resulting white solid product was dissolved in dimethyl- 
formamide(DMF, 30ml). To this solution was added potassium carbonate(4.8g, 34.8 mmole) and then added dropwtse 
iodomethane(CH 3 l, 14.4ml, 232 mmole). The reaction mixture was stirred for 2 hours at room temperature and distilled 
under reduced pressure to remove the volatile substance. The residual solution was diluted with ethyl acetate, washed 
40 successively with aqueous saturated sodium hydrogen carbonate solution, dilute hydrochloric acid and saturated 
saline, dried over anhydrous sodium sulfate, filtered and then concentrated, the resulting product was dissolved in 
dimethylformamide(DMF, 20ml). To this solution was slowly added 60% sodium hydride(NaH, 0.46g, 11.4 mmole) at 
0°C and then added dropwise iodomethane(CH 3 l, 1.8ml, 28.4 mmole). The mixture was slowly warmed to room tem- 
perature and stirred for 3 hours at the same temperature. Water was added to the reaction mixture to remove the resid- 
es ual sodium hydride. The mixture was filtered and concentrated under reduced pressure. The residue was diluted with 
ethyl acetate, washed successively with aqueous saturated sodium hydrogen carbonate solution, dilute hydrochloric 
acid and saturated saline, dried over anhydrous sodium sulfate, filtered and then concentrated. The residue was puri- 
fied by column chromatography using ethyl acetate/hexane(3/7, by volume) as an eluent to obtain the purified title com- 
pound(2.0g, Yield : 34%). 

so 

1 H NMR(CDCI 3 , ppm) 6 : 1.35(s, 9H), 1.62(m, 4H), 1.78(m, 2H), 2.18(m, 2H), 2.90(s, 3H), 3.62(s, 3H) 

Mass(FAB, m/e) : 258(M+1) 



55 
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Ex?mple 4? 

Synthesis of 1-(f3-(4-amidrazono-phenv^^ 
carboxviic acid methyl ester 

The compound prepared in Preparation 1 1 was treated according to the same procedure as Preparations 8 and 9 
to obtain the intermediate l-{[3-(4-aminohydrazono-methyl^ 

methylamino}-cyclopenta-ne carboxylic acid methyl ester(0.28g). This intermediate compound was treated according 
to the same procedure as Example 25 to obtain the purified title compound(0.56g, Yield : 53%). 

n H NMR(CD 3 OD ppm) 6 : 0.52(m, 1H), 0.89(m, 1H), 1.29(m, 2H), 1.52(m, 1H), 1.76(m. 2H), 2.05(m, 1H), 2.75, 

3.00(m, m. 2H), 2.88(s. 3H), 3.50(s, 3H), 4.48(m. 1H), 6.38(m, 1H), 7.30-8.40(m, 
11H) 

Mass(FAB, m/e) : 552(M+1) 
Example 44 

Synthesis of i-(r3-(4-amidrazono- P henvlHSV2-maph^ 
carboxviic acid 

The compound prepared in Example 43 was treated according to the same procedure as Example 26 to obtain the 
purified title corrpound(0.01g, Yield : 17%). 

1 H NMR(CD 3 OD, ppm) 6 : 0.42(m, 1H). 0.74(m, 1H), 1.25(m, 2H), 1.50(m, 1H). 1.78(m, 2H), 2.05(m. 1H), 2.75, 

3.08(m. m, 2H), 2.98(s, 3H), 4.58(m. 1H), 7.40-8.40(m. 11H) 
Mass(FAB. m/e) : 538(M+1) 

Preparation 12 

Synthesis of 2-(N-t-butoxvcarbonvl-N-methvlVaminc-cvdopentane carboxviic acid ethyl ester 

Ethyl 2-oxycyclopentane carboxylate(10ml, 67.49 mmole) was introduced together with ethanol( 100ml) into a reac- 
tion vessel. Then, methylamine hydrochloride(4.69g, 68. 1 3 mmole) and water (1 0ml) were added thereto to dissolve the 
reactants. To the reaction vessel was added sodium cyanoborohydride(4.3g, 68.43 mmole), and the mixture was 
adjusted to pH 6 and then allowed to react for 12 hours or more at 30 to 40°C. The reaction mixture was then concen- 
trated under reduced pressure, cooled down to 0°C, adjusted to pH 2 using 6N hydrochloric acid and washed three 
times with diethyl ether. The aqueous layer was adjusted again to pH 10 and the same amount of dioxane was added 
thereto. To this mixture was added 1 equivalent weight of butyloxycarbonyl anhydride. This reaction mixture was 
allowed to react for 3 hours at room temperature. After the reaction is completed, the reaction solution was distilled 
under reduced pressure to remove the volatile substance, diluted with ethyl acetate and washed successively with sat- 
urated sodium hydrogen carbonate, dilute hydrochloric acid and saturated saline. The organic layer was dried over 
anhydrous magnesium sulfate, filtered and distilled under reduced pressure to remove the solvent. The residue was 
purified by column chromatography (eluent=ethyl acetate:hexane= 1:1 (v/v)) to obtain the purified title com- 
pounding, Yield : 32%). 

*H NMR(CDCI 3 , ppm) 8 : 4.55(m, 1H), 4.10(m, 2H), 2.79(s, 3H), 2.73(s, 1H). 2.00-1.40(m, 6H), 1.45(s, 9H), 

1 .24(t t 3H) 

Mass(FAB, m/e) : 272(M + +1) 
Example 45 

Synthesis of 2^-r4^midrazono^^ 
carboxviic acid ethvl ester 

The compound prepared in Preparation 12 was treated according to the same procedure as Preparations 8 and 9 
to obtain the intermediate 2-{[3-(4-cyanophenyi)-(S)-2-(naphthalene-2-sulfonylamino)-propionyl]-meth 
cyclopentane carboxylic acid ethyl ester(0.48g). This intermediate compound was then treated according to the same 
procedure as Example 25 to obtain the purified title compound(0.36g, Yield : 71%). 
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NMR(CD 3 OD, ppm) 6 : 8.39-7.25(m, 11H). 4.78-4.40(m, 2H), 4.05(m, 2H), 3.05(m, 1H), 2.90-2.65(m, 3H). 

2.50-2.40(m, 2H), 2.05, 1.90-1.30, 0.85(m, m, m. 6H), 1.28-1. 15(m, 3H) 
Mass(FAB, m/e) : 566(M + +1) 

5 Example 46 

Synthesis of 2-ff3-(4-amidrazono-phenvlHSV2-ta^ 
carboxyfic acid 

io The compound prepared in Example 45 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.086g, Yield : 25%). 

n H NMR(CD 3 OD, ppm) 6 : 8.39-7.20(m, 11H), 4.78-4.50<m, m, 2H), 3.05(m, 1H), 2.90-2.40(m, 5H), 2.10, 1.90- 

1.20, 0.75(m, m, m, 6H) 
is Mass(FAB. m/e) : 538(M + +1) 

Example 47 

Synthesis of (S)-2-ff3-(4-amidrazono-phenvlHS)-2^naphthal 
20 butyric acid methyl ester 



The same procedure as Preparation 7, except that (L)-valine methyl ester is used instead of glycine methyl ester, 
was carried out to obtain (L)-(N-t-butoxycarbonyl-N-methy I) -valine methyl ester, which was then treated according to 
the same procedure as Preparations 8 and 9 to obtain the intermediate (S)-2-{[3-(4-cyano-phenyI)-(S) ^-(naphthalene- 
's 2-sulfonylamino)-propion-yf]-methylamino}-3-methyl-butyric acid methyl ester(0.1 3g). This intermediate compound was 
treated according to the same procedure as Example 25 to obtain the purified title compound(0.09g, Yield : 69%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.30. 7.95. 7.75-7.20(m. m, m, 11H), 4.75-4.25(m. 2H), 4:65. 3.39(m, m, 3H). 3.15- 

2.65(m, 4H), 2.22, 2.15(s, s, 1H), 2.08, 1.90(m, m, 1H), 1.00-0.55, 0.20 (m, m, 6H) 
30 Mass(FAB, m/e) : 540(M + +1) 

Example 48 

Synthesis of H3-(4-amidrazonoi3henyi)-(S)-2-maph^ 
35 flcid methyl ester 

The same procedure as Preparation 7, except that (D)-pipecolinic acid methyl ester was used instead of glycine 
methyl ester, was carried out and the resulting product was then treated according to the same procedure as Prepara- 
tions 8 and 9 to obtain the intermediate 1-[3-(4-cyanophenyl)-(S)-2-(naphthalene-2-sulfonylamino)-propiony1]-piperid- 
40 ine-(R)-carboxylic acid methyl ester(0.18g). This intermediate compound was treated according to the same procedure 
as Example 25 to obtain the purified title compound(0.l6g, Yield : 84%). 

"'H NMR(CD 3 OD, ppm) b : 8.32, 7.95, 7.78-7.35(m, m, m, 11H), 4.71, 4.52(m, m, 1H), 3.97, 3.80(d, d, 1H), 3.73. 

3.43(s, s. 3H), 3.10, 2.83, 2.39(m, m, m, 3H), 2.05(m. 1H), 1.65-1.00, 0.30(m, m, 6H) 
45 Mass(FAB, m/e) : 538(M + +1) 

Example 49 

Synthesis of 1-f3-(4-amidrazono^henyl)-(S)-2-(naphthate 
so acid 

The compound prepared in Example 48 was treated according to the same procedure as Example 26 to obtain the 
purified title compound(0.03g, Yield : 19%). 

£5 1 H NMR(CD 3 OD, ppm) 6 : 8.35. 8.00, 7.75-7.30(m, m. m, 11H), 4.50. 4.20(m. m, 1H). 3.89(m. 1H), 3.10. 2.82. 

2.45(m, m, m, 3H) , 2.10(m, 1H), 1.65-1.00, 0.25(m, m, 6H) 
Mass(FAB, m/e) : 524(M + +1) 



INSDOCID: <EP 0739886A2_I_> 



29 



EP 0 739 886 A2 

Preparation 13 

Synthesis of (SM-r2-(butvloxvcarbon^ 

(S)*3-(4-cyanophenyl)-2-(butyloxycarbonylamino)propionic aad(0.5g, 1.7 mmole) was dissolved in dimethylforma- 
mide(DMF, 20m!) and then cooled to 0°C. Then, 1-(3<limethylaminopropyl)-3-etriylcarbcdiimide hydrochloride^ DC. 
0.5g) and 1 -hydroxybenzotriazole hydrate(HOBT,0.3g) were added to this solution and stirred until they are completely 
dissolved therein. To this reaction mixture were added 1-methanesuKonyl-piperazine(0.3g) and N-methylmorpho- 
line(0.2ml), and then the temperature was slowly elevated to room temperature. The reaction solution was stirred for 3.5 
hours. After the reaction is completed, the reaction solution was distilled under reduced pressure to remove the volatile 
substance and the remaining solution was diluted with ethyl acetate, washed successively with aqueous saturated 
sodium hydrogen carbonate solution, dilute hydrochloric acid and saturated saline, dried over anhydrous sodium sul- 
fate, filtered and then concentrated. The residue was purified with column chromatography using ethyl acetate/hex- 
ane(6/4, by volume) as an eluent to obtain the purified title compound(0.7g, Yield : 93%). 

1 H NMR(CDCl 3 . ppm) 8 : 7.7-7.3(m, 4H), 5.3(m, 1 H), 4.8(m, 1 H), 3.9-3.55(m, 2H), 3.55-2.8(m, 8H), 2.7 (s, 3H), 

1.5(s, 9H) 

Preparation 14 

Synthesis of (S>-naphthalene-2-sulfonic acid ri-(4-cvanobenzvlV2>f4>me thvlsuHonvUpiperazinyl)-2-oxoethvnamide 

The compound(6.7g, 1.6 mmole) prepared in Preparation 13 was dissolved in dichloromethane(3ml) and then 
cooled to -10°C, and trifluoroacetic acid(TFA, 3m!) was added thereto. The reaction mixture was stirred for 5 minutes, 
slowly warmed to room temperature, stirred for 3 minutes and then distilled under reduced pressure to remove the vol- 
atile substance. The remaining solution was dried by means of a vaccum pump and then 20ml of DMF was added 
thereto. The mixture was cooled to 0°C and 2-naphthalenesurfonyl chloride(0.5g) and diisopropylethylamine(0.9m!) 
were added thereto. This mixture was stirred until the reactants are completely dissolved. The reaction mixture was 
slowly warmed to room temperature and stirred for 3 hours. Upon completion of the reaction, the reaction solution was 
distilled under reduced pressure to remove the volatile substance. The remaining solution was diluted with chloroform, 
washed successively with saturated sodium hydrogen carbonate, dilute hydrochloric acid and brine, dried over anhy- 
drous sodium sulfate, filtered and concentrated. The residue was purified by column chromatography using chloro- 
form/methanol(95/5, by volume) as an eluent to obtain the purified title compound(0.8g, Yield : 95%). 

"■H NMR(CDCI 3i ppm) 5 : 8.3-7.2(m, 11H), 5.8(m, 1H). 4.5(m, 1H). 3.5-3.2(m, 2H), 2.45(s, 3H), 3.1-2.3(m. 8H) 

Example 50 

SynthesisoUS^ 
amide 

The compound(0.4g, 0.76 mmole) prepared in Preparation 1 4 was dissolved in pyridine(5ml) and the resulting solu- 
tion was introduced into a branched flask, to which triethylamine(0.3m!) was added. The reaction flask was equipped 
so that hydrogen sutfidefh^S) gas can be slowly introduced through one branch of the flask and discharged through 
another branch. The reaction solution was saturated with hydrogen sulfide gas, while stirring for about 10 minutes, dur- 
ing which the colorless solution was changed into green color and then gradually into dark brown. The flask was closed 
with rubber stopper and allowed to stand for 3 days at room temperature. Then, the reaction solution was distilled under 
reduced pressure to remove the volatile substance and dried by means of a vaccum pump. To the obtained yellow solid 
were added acetone(IOml) and iodomethane(0.5ml) together and the mixture was heated under reflux for 30 minutes. 
This reaction mixture was distilled again under reduced pressure to remove the volatile substance and dried by means 
of a vaccum pump. The residue was dissolved in absolute methanol(5ml) and then stirred. To this mixture was added 
portionwise 80% hydrazine hydrate(0.06ml) over three times at an interval of 10 minutes. After the reaction is com- 
pleted, the reaction solution was concentrated and then purified by HPLC to obtain the title compound(0.3g, Yield : 
65%). 



1 H NM R(CD 3 OD, ppm) 6 : 8.4-7.4(m, 11H), 4.6(m, 1H), 3.5-3.2{m, 2H), 2.55(s, 3H), 3.1-2.2(m, 8H) 

Mass(FAB, m/e) : 559(M + +1) 
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Example g l 

Synthesis of (SVnaphthalene-2 -sulfonic acid ri-(4-amidrazono)^enzv1-2-oxo-2-(4-ethoxvcai1^ 
ethyQamicie 

The same procedure as Preparation 13, except that 1 -piperazine ethyl carboxylate was used instead of 1-meth- 
anesulfonylpiperazine, was carried out and the resulting product was then treated according to the same procedure as 
Preparation 14 to obtain the intermediate (S)-naphthalene-2-sulfonic acid [1-(4-cyanobenzyl)-2-oxo-2-(4-ethoxycarbo- 
nyl-piperazinyl)-ethyl]amide (1g, 1.9 mmole). This intermediate compound was treated according to the same proce- 
70 dure as Example 50 to obtain the purified title compound(0.6g, Yield : 56%). 

1 H NMR(CD 3 OD, ppm) i> : 8.5-7.3(m, 1 1H), 4.55(m, 1H), 4.05(m, 2H), 3.2-2.4(m, 10H), 1.2(m, 3H) 

Mass(FAB, m/e) : 553(M + +1) 

75 Example 52 

Synthesis of (S)-naphthalene-2-sulfonic acid f1-(4-amidrazono)-ben2vl-2-f4-formvl-piperazinvl)-2-oxoethy11amide 

The same procedure as Preparation 13, except that 1 -piperazine ethyicarboxaldehyde was used instead of 1 -meth- 
20 anesulfonylpiperazine, was carried out and the resulting product was then treated according to the same procedure as 
Preparation 14 to obtain the intermediate (S)-naphthalene-2-sulfonic acid [1-(4-cyanobenzyl)-2-(4-formyl-piperazinyl): 
2-oxoethylJamide(7g, 1 .6 mmole). This intermediate compound was treated according to the same procedure as Exam- 
ple 50 to obtain the purified title compound(0.5g, Yield : 62%). 

25 1 H NMR(CD 3 OD, ppm) ft : 8.36-7.44(m. 11 H), 4.60(m, 1H), 3.46-2.80(m, 9H), 2.55(m, 1H) 

Mass(FAB, m/e) : 509(M + +1 ) 

Ex a m ple 5 3 

30 Synthesis of (S)-naphthalene-2-sulfonic acid [1 >(4-amidrazono)-benzyl-2-(4-ethyl-piperaziny1)-2-oxoethvnamide 

The same procedure as Preparation 13, except that 1 -ethylpiperazine was used instead of 1 -methanesulfonylpiper- 
azine, was carried out and the resulting product was then treated according to the same procedure as Preparation 14 
to obtain the intermediate (S)-naphthalene-2-sulfonic acid [1-(4-cyanobenzyl)-2-(4-ethyl -piperazinyl)-oxoe- 
35 thyl)amide(0.3g, 0.6 mmole). This intermediate compound was treated according to the same procedure as Example 
50 to obtain the purified title compound(0.2g, Yield : 56%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.5-7.3(m, 11H), 4.6(m, 1H), 3.5-2.7(m, 10H), 2.2(s, 2H), 1.4-1.2(m t 3H) 

MassfFAB, m/e) : 509(M*+1) 

40 

Example 54 

Synthesis of (S)-naohthalene-2 -sulfonic acid f1-(4"amidrazono)-benzvl-2-oxo>2-(4-phenylpiperazinyl)-ethynamide 

45 The same procedure as Preparation 13, except that 1 -phenylpiperazine was used instead of 1 -methanesulfonyi- 
piperazine, was carried out and the resulting product was then treated according to the same procedure as Preparation 
14 to obtain the intermediate (S)-naphthalene-2-sulfonic acid [1-(4-cyanobenzyl)-2-oxo-2-(4-phenyl-piperazinyl)-ethyl]- 
amide (0.5g, 0.97 mmole). This intermediate compound was treated according to the same procedure as Example 50 
to obtain the purified title compound(0.3g, Yield : 57%). 

so 

1 H NMR(CD 3 OD, ppm) 6 : 8.35-7.54(m, 11H), 7.20(m, 2H), 6.86(m, 1H), 6_67(m, 2H), 4.56(m, 1H), 3.45(m, 1H), 

3.25-2.92(m, 5H), 3.72(m, 2H), 2.42(m, 1H), 2.05(m, 1H) 
Mass(FAB, m/e) : 557(M + +1 ) 
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Example 55 

Synthesis of (SVnaphthalene-2 -sulfonic acid ri-r4-amidr a 2onoVbenzvi>2-oxo>2-f4-(3-trif>uoromethYl-phenYl)>pipera2i- 
nyi]-ethv1Vamide 

The same procedure as Preparation 13, except that 1-(a,a,a-trifluoro-m-tolyl)piperazine was used instead of 1- 
methanesulfonylpiperazine, was carried out and the resulting product was then treated according to the same proce- 
dure as Preparation 14 to obtain the intermediate (S)«naphthalene-2-sutfonic acid [1-(4-cyanobenzyl)-2-oxo-2-[4-(3-tri- 
fluoromethyl-phenyl)-piperazinyl]ethyl]amide(0.5g. 0.8 mmole). This intermediate compound was treated according to 
the same procedure as Example 50 to obtain the purified title compound(0.3g. Yield : 55%). 

*H NMR(CD 3 OD, ppm) 6 : 8.35-6.7(m, 15H), 3.47(m, 1H), 3.3-3.0(m, 5H), 3.76(m, 2H), 2.45(m, 1H), 2.03(m, 

1H) 

Mass(FAB, m/e) : 625(M + +1) 
Example 55 

Synthesis of (S>-naohthalene-2-sulfonic acid r2^4-ac e tvl-Dipera2invn-1-(4-amidra2ono)benzyl-2-oxoethYnamide 

The same procedure as Preparation 13, except that 1 -acetylpiperazine was used instead of 1-methanesulfonyl- 
piperazine. was carried out and the resulting product was then treated according to the same procedure as Preparation 
14 to obtain the intermediate (S)-naphthalene-2-sulfonic acid t2-(4-acetyl-piperazinyl)-1-(4-cyanobenzyl)-2-oxo-ethyl]- 
amide(1 .25g, 2.55 mmole). This intermediate compound was treated according to the same procedure as Example 50 
to obtain the purified title compound(0.7g, Yield : 53%). 

1 H NMR(CD 3 OD. ppm) 6 : 8.4-7.4(m. 11H). 4.5(m. 1H). 3.5-3.2(m. 2H), 3.1-2.2(m, 8H). 2.0(s, 3H) 

Mass(FAB. m/e) : 523(M + +1) 

Example 57 

Synthesis of (SVnaphthalene-2-sulfonic aci d fvf4-amidrazono>-benzvl-2-oxo-2-r4-(2-hYdroxYethYl)-piperazinyn- 
ethvflamide 

The same procedure as Preparation 13, except that 1-piperazine ethane is used instead of 1-methanesurfonyf- 
piperazine, was carried out and the resulting product was then treated according to the same procedure as Preparation 
14 to obtain the intermediate (S)-naphthalene-2-surfonic acid [1-(4-cyanobenzyl)-2-oxo-2-[4-(2-hydroxyethyl)-piperazi- 
nyf]ethyl]amide(0.07g, 0.14 mmole). This intermediate compound was treated according to the same procedure as 
Example 50 to obtain the purified title compound (O.OSg, Yield : 68.5%). 

1 H NMR(CD 3 OD. ppm) 6 : 8.35-7.30(m, 11H). 4.60(m, 1H), 3.96-3.7(m, 4H), 3.70-2.80(m, 10H) 

Mass(FAB, m/e) : 525(M + +1) 

Example 58 

Synthesis of (SVnaohthalene-2 -sulfonic a cid n-(4-amidrazonoVbenzyl-2>oxo-2-f4-(2-ethoxYphenYl)-piperazinYl1- 
ethyHamicle 

The same procedure as Preparation 13, except that 1 -(2-ethoxyphenyt)piperazine was used instead of 1-meth- 
anesulfonylpiperazine, was carried out and the resulting product was then treated according to the same procedure as 
Preparation 1 4 to obtain the intermediate (S)-naphthalene-2-surfonic acid [1 -(4-cyanobenzyi)-2-oxo-2-[4-(2-ethoxyphe- 
ny1)-piperazinyl]ethyQamide(0.4g, 0.7 mmole). This intermediate compound was treated according to the same proce- 
dure as Example 50 to obtain the purified title compound(0.26g, Yield : 62%). 

1 H NMR(CD 3 OD, ppm) 6 : 8.36-6.54(m, 15H), 4.6(m, 1H), 4.01(m. 2H). 3.48(m. lH),.3.28-3.08(m. 5H), 2.69(m, 

2H). 2.38(m, 1 H), 2.08(m, 1 H), 1 .35(m, 3H) 
Mass(FAB, m/e) : 601 (M + +1 ) 
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Test 1 : Inhibitory activity for thrombin 

The ability of the compound according to the present invention to inhibit the thrombin activity was determined as 
described in the following. 

£ 1160^1 of 0.1M tris buffered solution (pH 7.8) containing 150mM NaCI and 0.1% PEG 8000 (polyethylene glycol, 

molecular weight about 8,000) was added to a 1.5ml cuvette. Chrornozym TH was dissolved in dimethylsuKox- 
ide(DMSO) in the concentration of 10mM and the resulting solution was diluted with the said tris buffered solution to the 
concentration of 0.1mM, which was then used as the substrate solution. 225fJ of 0.1mM substrate solution thus pre- 
pared was added to the cuvette. The inhibitor solution was prepared by dissolving the thrombin inhibitor compound 

w according to the present invention in dimethylsulfoxide in the concentration of 10mg/ml and then diluting the resulting 
solution with the said tris buffered solution to the concentration of O.lmg/ml, O.Olmg/ml, O.OOtmg/ml and O.OOOlmg/ml. 
The resulting inhibitor solution was taken in an amount corresponding to 0 to 1 0^g as the inhibitor and then diluted with 
tris buffered solution to make the total volume of lOOuJ which was added to the cuvette. 

15ui of bovine thrombin solution dissolved in above tris buffered solution in the concentration of 0.1mg/ml was 

is added to the cuvette to initiate the enzyme hydrolysis reaction. The amount of para-nitroaniline produced for 2 minutes 
from the monent the enzyme is added was monitored by measuring the absorbance at 381 nm. The continuous spec- 
trum of absorbance to reaction time was depicted. The same experiments were conducted for various concentration of 
the inhibitor to obtain the continuous spectrum. 

In each specturm, the initial velocity Vi was obtained from the slope within initial 30 seconds of the reaction time 

20 and then a graph for the reciprocal value of initial velocity(1 /Vi) to the inhibitor concentration was depicted. From the 
graph, the primary equation satisfying the points depicted thereon was obtained and then the value Ki was calculated 
from the x intercept of the primary equation using the enzyme reaction equation. The value Km used for this calculation 
was 8.3fiM which was obtained by changing the substrate concentration at the constant enzyme concentration. 

The velocity constant Ks was obtained using the same solution in the same concentration as in determination of 

25 the value Ki but using the following experimental procedure. 

Specifically. 1 1 60uJ of the buffered solution was added to a 1 .5ml cuvette, and 1 Sp-I of bovine thrombin solution hav- 
ing O.lmg/ml concentration and 100uJ of the inhibitor solution were added thereto. The mixture was allowed to stand at 
room temperature for 15 minutes. Then, while adding 225*il of 0.1 mM substrate solution, the change of absorbance in 
the course of time was monitored for 2 minutes. From the obtained continuous spectrum, the slope at the straight por- 

30 tion was determined and represented as the value Vs. The same experiment was conducted for various concentration 
of the inhibitor to obtain the value Vs at each concentration of the ihibitor from which the graph for 1 /Vs against the inhib- 
itor concentration was depicted. From the graph, the primary equation satisfying the points depicted thereon was 
obtained and then the value Ks was calculated from the x intercept of the primary equation using the enzyme reaction 
equation. 

35 Separately, the inhibitory activity of the compound according to the present invention for trypsin was determined in 
the same rnaner as in determination of the inhibitory activity for thrombin as described above. 

As the substrate 20u.M solution of N-benzoyl-Val-Giy-Arg-p-nitroanilide hydrochloride was used, and the inhibitor 
was used in various concnetrations within the range of 0 to 120^g. In addition, trypin was dissolved in 0.1 N HCI, 
adjusted to the concentration of 45^g/ml with the said tris buffered solution just before the experiment, and then used 

40 in an amount of 40uf. As in the experiment for thrombin, a total volume of the reaction solution was 1.5ml and the 
remaining procedure was conducted in the same manner. The value Km used in calculation of the value Ki was deter- 
mined according to the same method as in the experiment for thrombin above and was 20.2^iM. 

The inhibitory activity of the compound according to the present invention for the activity of each enzyme as deter- 
mined according to the above method was represented by the values Ki and Ks and the selectivity for thrombin was rep- 

45 resented by trypsin inhibitory activity/thrombin inhibitory activity. The result thus obtained is described in the following 
Table 1. 
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Table 1. Inhibitory activity of the compound according to the 
present invention for thrombin and trypsin 

5 



10 


Comp. 
No. 
(Ex.) 


Inhibitory activity 
for thrombin 


Inhibitory activity 
for trypsin 


Selectivity 
(trypsin/ 
thrombin) 




1 


Ki 
Ks 


- 


0.0038 
0.0011 


MM 
MM 


Ki = 3.19 MM 


2900 


15 


2 


Ki 




0.041 


MM 








3 


Ki 




0.093 


MM 








4 


Ki 




0.345 


MM 






20 


5 


Ki 




0.231 


MM 








6 


Ki 




0.00435 


MM 






25 


7 


Ki 




0.0138 


MM 


Ki = 363 MM 


26304 


9 


Ki 




0.227 


MM 








10 


Ki 




0.367 


MM 






30 


13 


Ki 




0.216 


MM 








15 


Ki 




0.152 


MM 








16 


Ki 




0.247 


MM 






35 


17 


Ki 




0.016 


MM 








18 


Ki 
KS 




0.011 
0.002 


MM 
MM 


Ki - 3.98 MM 


2000 


40 


19 


Ki 




0.0053 


MM 


Ki = 5.25 MM 


990 




20 


Ki 




0.0217 


MM 


Ki = 2.3 MM 


106 


45 


21 


Ki 
Ks 




0.025 
0.009 


MM 
MM 


Ki > 100 MM 


>10000 




22 


Ki 




0.017 


MM 






50 


23 


Ki 




2.59 


MM 


Ki = 21.7 MM 


8 


24 


Ki 




20.1 


MM 
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5 


Comp . 
No. 
(Ex.) 


Inhibitory activity 
for thrombin 


Inhibitory activity 
| for trypsin 


Selectivity 
(trypsin/ 
thrombin) 


10 


25 


Ki « 


0.259 


MM 








27 


Ki = 


0.065 


/jM 






15 


29 


Ki - 


0.089 


MM 






31 


Ki - 


0.165 


MM 








33 


Ki = 


0.035 


MM 






20 


35 


AX 


\J ■ o -l ^ 


11 M 








39 


Ki = 


0 . 165 








25 


45 


Ki = 


0 . 34 6 


uM 






46 


Ki = 


0.880 


iiM 








47 


Ki = 


0 . 665 


uM 






30 


48 


Ki 


0.013 


uM 








49 


Ki = 


0*406 


uM 






35 


50 


Ki = 
Ks = 


0.011 
0.006 


MM 

MM. 


Ki « 5.79 MM 


965 




51 


Ki = 


3.3 


MM 






40 


52 


Ki - 


0.05 


MM 






53 


Ki « 


0.530 


MM 








54 


Ki = 


5.380 


MM 






45 


55 


Ki = 


10.000 


uM 








56 


Ki = 


0.280 


MM 






50 


57 


Ki = 


0.088 


MM 






58 


Ki = 


9.130 


MM 
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Tgst 2 : Pharmacokinetic test 
Test method : 

5 Male rats and dogs were tasted for 24 hours and used as the experimental animals. 1% solution (10mg/ml) of the 

compound of Example 1 was prepared using physiological saline and then administered to the experimental animals 
via intravenous and oral route. Bloods were collected from the animals at given time intervals and then immediately 
mixed with methanol and zinc sulfate. Finally, the upper layer of the mixture was quantitatively analyzed at ultraviolet 
wavelength of 231 nm to measure the drug concentration in blood by HPLC. 

Test result : 

The drug concentration and the pharmacokinetic parameters of the compound of Example 1 following intravenous 
and oral administration are listed in the following Tables 2 to 7. When the compound of Example 1 was intravenously 

75 injected, it was rapidly distributed and then slowly disappeared in both rats and dogs, whereas the elimination harf-lrfe 
of the compound in dogs was twice longer or more than that in rats. Furthermore, the elimination half-life of the com- 
pound of Example 1 in dogs was twice longer or more than that of commercially available argatroban(40 minutes) in 
human being(see, Osamu et al.. Pharmacology and Therapy, vol. 14, suppl. 5, 1986). Meanwhile, it could also be iden- 
tified that the bioavailability of the compound of Example I was 15% in rats and 61% in dogs, it was administered via 

20 oral route. However, it has been reported that argatroban was not absorbed in animals and human being when it was 
administered via oral route. 

From the above results, the compound of Example 1 showed the better pharmacokinetic characteristics than arga- 
troban in terms of oral absorption and elimination harf-life. 



Table 2 



Blood concentration of the compound of Example 1 following intrave- 
nous injection of 10mg/kg in rats 


Time (min.) 


Blood concentration (ng/ml) 


Average(+error) (ng/ml) 




Rat-1 


Rat-2 


Rat-3 




1 


31503 


23000 


31964 


28822(2914) 


3 


8105 


6773 


7884 


7587(412) 


5 


3976 


3066 


4223 


3755(352) 


10 


1907 


1828 


1928 


1888(31) 


20 


918 


898 


883 


900(10) 


30 


631 


600 


591 


607(12) 


45 


355 


408 


398 


387(16) 


60 


270 


242 


289 


267(14) 


90 


168 


166 


184 


173(6) 


120 


76 


97 


119 


97(12) 


180 


87 


73 


78 


79(4) 
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Table 3 



Blood concentration of compound of Example 1 following oral adminis- 
tration of 15mg/kg in rats 


Time (min.) 


Blood concentration (ng/m!) 


Average(+error) (ng/ml) 




Rat-1 


Rat-2 


Rat-3 




5 


1610 


822 


570 


1001(313) ] 


10 


1478 


686 


384 


850(326) | 


20 


569 


166 


97 


255(147) 


30 


232 


82 


113 


143(46) | 


45 


145 


107 


112 


121(12) 


60 


143 


123 


110 


125(9) 


90 


66 


186 


119 


124(35) 


120 


34 




71 


53(19) 


180 


24 


238 


64 


109(66) 



25 


Table 4 






Pharmacokinetic parameters of the com- 
pound of Example 1 in rats 


30 


Parameter 


Average+(error) 




Elimination Half-lrfe(min.) 


47(1) 




Bioavailability (%) 


15(2) 


35 


Table 5 





AO 



45 



SO 
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Blood drug concentration of the compound of Example 1 fol- 
lowing intravenous injection of lOmg/kg in dogs 


Time (min.) 


Blood concentration 
(ng/ml) 


Average(+error) (ng/ml) 




Dog-1 


Dog-2 




2 


29121 


36648 


32885(3764) 


5 


9082 


5228 


7155(1927) 


10 


5935 


3282 


4608(1327) 


20 


3610 


1801 


2706(904) 


30 


2433 


1335 


1884(549) 


45 


1937 


859 


1398(539) 


60 


1471 


690 


1081(391) 


90 


1269 


501 


885(384) 


120 


1090 


377 


733(357) 


240 


544 


129 


337(207) I 


300 


315 


107 


211(104) 


360 


317 


92 


204(112) 
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Table 6 



25 



Blood concentration of the compound of Example 1 follow- 
ing oral administration of 10mg/kg in dogs 


Time (min.) 


Blood concentra- 
tion (ng/ml) 


Average(+error) (ng/ml) 




Dog-1 


Dog-2 




10 


1389 


15 


702(687) 


20 


2076 


17 


1047(1029) 


30 


1942 


105 


1023(918) 


45 


1891 


558 


1225(667) 


60 


2215 


1312 


1763(451) 


90 


1273 


935 


1104(169) 


120 


774 


730 


752(22) 


180 


663 


616 


640(24) 


240 


812 


318 


565(247) 


300 


51 


222 


136(86) 


360 


118 


153 


135(18) 



SO 

Table 7 



Pharmacokinetic parameters of the com- 
pound of Example 1 in dogs 


Parameter 


Ayerag^»-(error) 


Elimination Half-life(rnin.) 


98 (15) 


Bioavailability (%) 


61 (15) 



40 

Although this invention has been described in its preferred form with a certain degree of particularity, it is appreci- 
ated by those skilled in the art that the present disclosure of the preferred form has been made only by way of example 
and that numerous changes in the details of the construction, combination and arrangement of parts may be resorted 
45 to without departing from the spirit and scope of the invention. 
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Claims 

1 . A compound represented by the following formula (I): 




and its pharmaceutical^ acceptable salt, hydrate, solvate and isomer, in which 

R 1 represents acetyl substituted with ary! or aryloxy, or represents sulfonyl substituted with sub- 

stituted or unsubstituted aryl or N-containing heterocyclic group, 
X represents a group of formula 

R2 N \l-R 5 

— nT o or ^ f ' 

R 4 



R 2 and R 3 independently of one another represent hydrogen; cycloalkyl substituted or unsubstituted 

with carboxyl or alkoxycarbonyl; arylalkyloxy; hydroxy; or lower alkyl substi tuted or unsubsti- 
tuted with carboxyl, alkoxycarbonyl or hydroxy, or 

R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substi- 

tuted with carboxyl or alkoxycarbonyl, 

R 4 represents hydrogen, lower alkyl or lower alkoxy, 

R 5 represents alkanesulfonyl; alkoxycarbonyl; alkylcarbonyl; formyi; lower alkyl; aryl substituted 

or unsubstituted with alkoxy or haloalkyl; or hydroxy-substituted lower alkyl, and 
R 6 and R 7 independently of one another represent hydrogen, lower alkyl or amino. 

2. The compound of formula (I) as defined in claim 1 , in which 

R 1 represents acetyl substituted with naphthyl or naphthyloxy, or represents sulfonyl substituted with 

naphthyl or phenyl which can be substituted or unsubstituted with one to four substituents selected 
from the group consisting of lower alkyl, lower alkoxy and dialkylamino, 

X represents a group of formula 



-< R3 or 

R 4 



R 2 and R 3 independently of one another represent C3.6 cycloalkyl substituted or unsubstituted with carboxyl or 
methoxycarbonyl; benzyloxy; lower alkyl substituted or unsubstituted with carboxyl, methoxycarbo- 
nyl or hydroxy; or hydroxy, or 

R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substituted with 
carboxyl or methoxycarbonyl, 
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R 4 represents hydrogen, 

R 5 represents methanesulfonyl, ethoxycarbonyl, formyl, ethyl, phenyl, methylcarbonyl, hydroxyethy!, or 

phenyl which can be substituted or unsubstituted with trlf luoromethyi or ethoxy, 

and 

R 6 and R 7 independently of one another represent hydrogen, methyl or amino. 

The compound of lormula (I) as defined in claim 2, wherein the compound is selected from the group consisting of: 

(S)-N-cyclopentyl-N-methyl-3-(4-amt 

• (S)-N-birtyl-N-methyl-3-(4-amidrazon^ 
(S)-N^yc1opentyl-N-propyl-3-(4-amidra^ 
(S)-N-cyclcpentyl-N-(2-benzyloxye^^ 
(S)-N-cyclopentyl-N-butyl-3-(4-amidr^ 

(S)-N^:yclopentyl-N-ethyl-3-(4-amidra2onophenyl)-2-(2-naphthy!sulfonytamino)propio 
(S)-N<;yc1opentyl-N-methyl-3-[4-(m^ 

• (S)-N^yclopentyl-N-methyl-3-[4-("l ,1 -dimethylamidino)phenyl] -2-(2-naphthylsulfonylamino)propionamide, 

• (S)-N-cyclopenty!-N-methyl-3-(4-am 
nylamino]propionamide, 

(S)-N^:yclopentyl-N-hydroxy-3-(4-amidra2onophenyl)-2-(2-naphthylsulfonylamino)propionamide, 
(S)-NK;yclopentyi-N-(2-hydroxyethyl)-3-(4-amidr^ 

• (S)4slK;yclopentyl-N-methy!-3-[4-(m 
nylamino]propionamide. 

• (S)-N,NHjimethyl-3-(4amidrazonophenyl)-2-(2-naphthylsuHonylamino)prop^ 
(S) -N . N<ji methyl-3 -[4-(methylami 

(S)-N-cyclohexyl*N-methyl-3-(4-amidrazonophenyl)-2-(2-naphthylsulfonylamino)propionamide. 

(S)-N^yclopropyl-N-methyl-3-(4-amidrazon^ 

(S)-3^4-(amidrazono)-phenyQ-N^clopentyl-N-methyl-2-(2-n 

(S)-3-[4-(amidrazono)-phenyQ-N<yclc>per^ 

propionamide, 

• (S)-3-[4-(amidrazono)-phenyl]-N-cyclopertyl-N^^ 
mide, 

(S)-2^4-(amidrazono)-phenyG-N^c!opentyl-N-metty^ 
onamide, 

• (S)-344-(methylamidino)-phenyq-N-cyclopen^ 
propionamide, 

(S)-3-[4-(amidrazono)-pheny0-N-cyclopemyl-N-methyl-2-(naphthalene-1-sulfonylam^^ 
(S)-3-(4-(amidrazono)-phenyl]-N-cyclopem 

(S)-344^amidrazono)-phenyO-NK:yclopentyl-N-memyl-2-t2-(naphthalen-2-yl<)xy)acety!ami^ 

• K3-(4-amidrazonophenyl)-(S)-2-(naphthalene-2-sulfonylarnino) -propionyl]-methy1amino}-acetic acid methyl 
ester, 

{[3-(4-amidrazonophenyl)-(S)-2-(naphthialene-2-sulfonylamino) -propionyl]-methylamino}-acetic acid, 
(S)-2-{[3^4-amidrazonophenyl)-(S)-2-(naptt acid 
methyl ester, 

(S)-2-{[3^4-amidrazonophenyt)-(S)-2-(naphthalen 

(R)-2-{[3K4-amidrazonophenyl)-(S)«2-(naptt^ acid 
. methyl ester, 

(R)-2-{[3^4-amidrazonophenyl)-(S)-2-{na^ 
(R).2-{[3K4-amidrazonophenyl)-(S)-2-(naphth^ 
butyric acid methyl ester, 

• (R)-2^[3^4-amidrazonopheny1)-(S)-2-(napW 
butyric acid, 

• 3^[3-(4-amidrazo TO phenyIMS)-2-(n acid 
methyl ester, 

3^[3-(4-amidrazorwphenyi)-(S)-2-(napn 

44[3-(4-amidrazorKphenyl)-(S)-2-(naph^ acid methyl 

ester, 

• 4^[3-(4-amidrazonophenylMS)-2-(napM 
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4. 



{[3-(4-amidra2onophenyl)-(S)-2-(naphthalene-2-sulfonylamino) -propionyl]-cycJopropylamino}-acetic acid 
methyl ester, 

{[3-(4-amidrazonophenyI)-(S)-2-(naphthalene-2-sulfonylarnino) -propionyQ-cyclopropylami no} -acetic acid, 
{[3-(4-amidra2onophenyl)-(S)-2-(naphthalene-2-suffonylamino) -propionyl]-birtylamino}-acetic acid methyl 
ester, 

{[3-(4-amidrazonophenyl)-(S)-2-(naphthalene-2-surfonylamino) -propionyQ-butylamino}-acetic acid, 
{[3-(4-amidra2onophenyl)-(S)-2-(naphthalene-2-sultonylamino) -propionyl]-cyctopentylamino}-acetic acid 
methyl ester, 

{[3-(4-amidrazonophenyl)-(S)-2-(naphthalene-2-suHonylamino) -propionyQ-cyclopentylamino}-acetic acid, 
1-{[3-(4-amidrazonophenyl)-(S)-2-(naphtha^^ car- 
boxylic acid methyl ester, 

1- {[3-(4-amidrazonophenyl)-^ car- 
boxylic acid, 

2- {[3-(4-amidrazonopheny!)-(S)^^ car- 
boxylic acid ethyl ester, 

2-{[3-{4-amidrazonophenyl)-(S)-2-(nap car- 
boxylic acid, 

(S)-2-{[3-(4-amidrazonophenyl)-(S)-2-(naphm^ 
butyric acid methyl ester, 

1-[3-(4-amidrazonophenyl)-(S)-2-(na^ acid 
methyl ester, 

1-[3-(4-amidrazonophenyi)-(S)-2-(naphthalene-2-su^ acid, 
(S)-naphthalene-2-sulfonic acid [1-(4-amidra2ono)benzyl-2-(4-methylsulfonyl-piperazinyl)-2-oxoethyl]amide, 
(S)-naphthalene-2-sulfonic acid [1-(4-amidrazono)benzyl-2-oxo-2-(4-ethoxycarbonyl-piperazinyl)-ethyl]amide, 
(S)-naphthalene-2-sulfonic acid [1-(4-amidrazono)benzyl-2-(4-formyl-piperaziny1)-2-oxoethyl]amide, 
(S)-naphthalene-2-sulfonic acid [1 -(4-amidrazono)benzyl-2-H-ethyl-piperazinyl)-2-oxoethyI]amide, 
(S)-naphthalene-2-sulfonic acid [1 -(4-amidrazono)benzyl-2-oxo-2-(4-phenyl-piperazinyl)-ethyQamide. 
(S)-naphthalene-2-sulfonic acid [1-(4-amidrazono)benzyl-2-oxo-2-[4-(3-tr*rfluoromethylphenyl)-piperazinyl)- 
ethyljamide, 

(S)-naphthalene-2-sulfonic acid [2-(4-acety!-piperazinyl)-1 -(4-amidrazono)benzyl-2-oxoethyl]arriide, 
(S)-naphthalene-2-sulfonic acid [1-(4-amidrazono)benzyl-2-oxo-2-[4-(2-hy^ 
and 

(S)-naphthalene-2-sulfonic acid [1-(4-amidrazono)benzyl-2-oxo-2-[4-(2-ethoxyphenyl)-piperazinyQ- 
ethyljamide. 

A pharmaceutical composition for thrombin inhibition, which comprises the compound as defined in any one of 
claims 1 to 3 as an active ingredient together with a pharmaceutical^ acceptable carrier. 



5. The pharmaceutical composition as defined in claim 4, wherein the composition is formulated into an oral prepara- 
40 tion. 
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CO 

< 

CD 

CO in which 
CO 

CD R 1 
CO 



Q_ 
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represents acetyl substituted with aryl or aryloxy, or represents sulfonyl substituted with substituted or 
unsubstituted aryl or N-containing heterocyclic group, 
represents a group of formula 
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R2 
*R3 



or 



— N N— R 5 



R 2 and R 3 independently of one another represent hydrogen; cycloalkyl substituted or unsubstituted with carboxyl or 
alkoxycarbonyl; arylalkyloxy; hydroxy; or lower all substituted or unsubstituted with carboxyl, alkoxycarb- 
onyl or hydroxy, or 

R 2 and R 3 together with nitrogen atom to which they are attached can form a piperidine group substituted with car- 
boxyl or alkoxycarbonyl, 
R 4 represents hydrogen, lower alkyl or lower alkoxy. 

R 5 represents alkanesulfonyl; alkoxycarbonyl; alkylcarbonyl; formyl; lower alkyl; aryl substituted or unsubsti- 

tuted with alkoxy or haloalkyl; or hydroxy-substrtuted lower alkyl, and 
R 6 and R 7 independently of one another represent hydrogen, lower alkyl or amino, 



and to a process for preparation thereof and a pharmaceutical composition for thrombin inhibition which comprises the 
compound of formula (I) as an active ingredient. 
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